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A. Introduction and Review 
I. Origin of the Tetraploids 


The forage grass, Dactylis glomerata L. (orchard grass or cocksfoot), frequently 
cited as a successful naturally-occurring autotetraploid (Mintzine 1936, 1937; 
Myers 1947; Arwoop 1947; Streppins 1947, 1950; CLausen, Keck and H1resry 
1945; ScHwanitTz 1954; SteBBrins and ZoHaRy 1958) was suspected by Mintzine 
(1937) to have originated by chromosome doubling of Dactylis aschersoniana, 
the only diploid Dactylis known twenty years ago. The differences between diploid 
aschersoniana and tetraploid glomerata, especially in vigor, type of panicle and 
leaf color, Minrzine believed to be caused directly by chromosome doubling 
rather than by differences in specific genes. However, he qualified his opinion 
by writing: “It is not probable that the diploid Dactylis types now growing in 
South Sweden, Denmark and Central Europe are the actual progenitors of D. glo- 
merata, but nevertheless, the present D. Aschersoniana must be very closely related 
to the original forms of glomerata.” 

CLAUSEN, Keck and Hrigsety (1945, pp. 137—138) suggested that other forms 
of Dactylis, e.g. abbreviata, or the Mediterranean hispanica, might be diploid 
and have contributed to the origin of glomerata. STEBBINS (1947) called D. glo- 
merata an “‘intervarietal autopolyploid” and proposed D. hispanica or D. juncinella 
as responsible for the morphological differences between aschersoniana and glo- 
merata. Then Myers (1948) reported a diploid from Iran, now identified as ssp. 
woronowtt (cf. STEBBINS and ZoHaRy 1958), which was interfertile with ascher- 
soniana. The F, hybrid resembled many plants of glomerata. 

Additional diploids are now known (Zouary 1955; WEIBULL, cited by Mintzine 
1956; Stesprns 1956b; SteBsrns and Zonary 1958). STesBrins and ZoHARY 
(1958) describe eleven diploids which may have contributed to the variation at 
the tetraploid level and conclude that the genus Dactylis consists of a single species 
with several morphologically and ecologically distinct but interfertile diploid 
subspecies. Most of the diploids are limited in distribution to small areas near 
the periphery of a much greater area of tetraploid distribution. The widespread 
and variable tetraploids, usually intermediate between two or more diploid sub- 
species in morphology and habitat, are thought to have arisen initially from 
hybridizations between diploids, followed by chromosome doubling of the hybrids, 
i.e. inter-subspecific autotetraploidy. That some tetraploids were difficult to 
distinguish morphologically from diploids suggests that ‘‘pure” as well as inter- 
subspecific autotetraploidy is involved. 


* Based on a dissertation submitted to the Graduate Division, Northern 
Section, of the University of California in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy. 
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Independently of StreBBIns and ZoHary, Minrzine (1956) cited unpublished 
work of WEIBULL to characterize the Dactylis complex in a way similar to the one 
reviewed above. He suggested two natural units, diploid and tetraploid. The 
different diploids should be considered subspecies or ecotypes, and D. glomerata, 
“an autotetraploid probably arising from crosses between different subunits of 
the same diploid species”. However, other possible events, for example chromo- 
' some doubling in hybrid generations later than the F, (Schwanitz 1954, p. 489) 
and hybridization between different tetraploids or between diploids and tetra- 
ploids (cf. Minrzine 1937; STEBBINS and ZoHaRy 1958; Hanson and CaRNAHAN 
1956, p. 62) could make the initial origins less clear. 

Hanson and CarRNaHAN (1956) discuss another kind of evidence that D. glo- 
merata is not a pure autotetraploid, namely that inbreeding depression in tetra- 
ploid orchard grass approaches the amount expected in a diploid species like 
maize (cf. Katton, Smit and Lerret 1952). On this evidence and the suspected 
involvement of two closely related diploids in the origin of the tetraploid, Hanson 
and CARNAHAN suggested that the tetraploid could be a segmental allopolyploid 
and as such might show both tetrasomic and disomic patterns of inheritance. 
Reference should be made to Strssrns (1947, 1950) for discussions of this type 
of polyploid. 

II. Chromosome Cytology of the Tetraploids 


A few genetic studies have shown tetrasomic inheritance for some chlorophyll 
defects (Mymrs 1941; Brix and Quant 1953), but the main evidence for auto- 
tetraploidy is cytological. Although CHuRcH (1929) reported 14 bivalents, 28 uni- 
valents, or some combination of bivalents and univalents at diakinesis, later 
workers have consistently reported quadrivalents to be frequent in Dactylis. 
Munrzine (1933, 1937) made detailed studies of meiosis in tetraploids. reporting 
mean numbers of quadrivalents in a cultivated variety, Skandia II, as 3.5 and 
3.48 quadrivalents per cell at diakinesis and first metaphase, and in a wild biotype 
from Altai, Central Siberia, as 3.0 and 2.8 quadrivalents per cell. He later studied 
two “haploid” twins obtained from glomerata, one of which formed 7 bivalents 
(Minrzine 1943). Meiosis of several tetraploids naturalized or cultivated in 
northeastern United States and of some Foreign Plant Introductions was studied 
in great detail by Myrmrs and Hitt (Myers and Hixx 1940, 1942, 1943; Myrrs 
1943), making Dactylis glomerata the ‘‘most completely investigated” of forage 
grasses in providing information on polyploidy (MyxErRs 1947). Discussions of this 
series of papers are to be found in Myers (1945, 1947) and Arwoop (1947). 

Myers and Hirx (1940) reported mean numbers of quadrivalents in three 
plants to be 3.3, 3.8 and 4.2 per cell. For twenty plants listed in a later paper 
(1942), 2.42 in one plant and from 3.30 to 4.39 quadrivalents in the other nineteen 
were obtained. Eighty-three inbred plants, the progeny obtained by self-polli- 
nating eight of the twenty plants mentioned above, had means of from 2.62 to 
4.91 quadrivalents, whereas the values for the eight parent plants in the same 
season ranged from 3.00 to 4.09 (Myrrs and Hint 1943). A range of means from 
3.0 to 4.3 was reported by Myrrs:(1943). An extension of this work to hexaploid 
Dactylis was made by Hanson and Hiu (1953). Chromosome pairing in other 
tetraploids was studied by Zonary (1955) who reported the mean numbers of 
quadrivalents as 3.18, 3.28 and 3.64 per cell in tetraploids from Ankara, Turkey; 
Malaga, Spain (hispanica type); and Sintra, Portugal (maritima type), respectively. 

When large numbers of cells are examined, the frequency distributions of 
numbers of cells with 0, 1, 2, ... 7 quadrivalents are unimodal, and chromo- 
some configurations consist almost entirely of quadrivalents and bivalents; only 
RANCKEN (1934, cited by Minrzinc 1937) reported trivalents and univalents 
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to be frequent. Distribution of chromosomes at first anaphase has been described 
as regular, although some irregularity is indicated by Mintzina’s finding (1937) 
that from 4 to 26 percent of the offspring of single isolated and probably euploid 
plants had somatic chromosome numbers of 26, 27, 29 or 30. Likewise MyErs 
and Hix (1940) found 41 percent aneuploids among 116 plants, some of whose 
parents however were probably aneuploid also. Mtnrzine attributed the irregula- 
rities in chromosome distribution, which must result in lowered fertility and aneu- 
ploid offspring, to the frequent occurence of quadrivalents. However, very ex- 
tensive and detailed analyses by Myers and Hixt of quadrivalents, unpaired 
chromosomes at first metaphase, lagging and dividing univalents at first anaphase, 
micronuclei in young microspores, seed set, and correlations among these made 
it clear that the presence of quadrivalents had little influence on irregularities 
at later stages and on fertility (Myers and Hixxy 1942, 1943; Myers 1943). The 
incidence of univalents at first metaphase, positively correlated with lagging and 
dividing univalents at first anaphase and micronuclei at quartet stage, and nega- 
tively correlated with seed set, was regarded by these workers as the main cyto- 
logically-observable cause of aneuploid gametes and decreased fertility. A high 
negative correlation between quadrivalent and univalent frequencies seemed to 
come mainly through a common relationship with chiasma frequency, which was 
positively correlated with quadrivalents and negatively correlated with univalents. 
The same interrelationships were found in hexaploid Dactylis (HANsSoN and Hitt 
1953). 

In both hexaploids and tetraploids, there were significant differences between 
plants in most of the features of meiosis studied. Inbreeding lowered the chiasma 
frequency in some families while increasing the univalent frequency by two or 
three times in most. Inbreeding increased the frequency of quadrivalents in some 
families but had no effect in others. From an experiment which could assess the 
importance of environmental factors, Myers (1943) concluded that the significant 
differences between plants in numbers of quadrivalents were dependent only 
slightly on environmental conditions, but to a greater extent on chiasma frequency 
and other factors, among which chromosomal differentiation was suggested. 

Little work has been published on colchicine-induced tetraploids of Dactylis. 
Myers (1948) reported that induced tetraploid aschersoniana resembled natural 
D. glomerata cytologically and produced fertile hybrids with it. NretsEn (1952), 
citing Myrrs (unpublished), states that induced tetraploids from the hybrid 
between aschersoniana and woronowii are similar to D.glomeraia in morpholo- 
gical and cytogenetic characteristics. StEBBINS (1956a) reported that lower than 
normal frequencies of quadrivalents were produced experimentally in induced 
tetraploids of hybrids between the diploid Dactylis subspecies lusitanica and 
judaica by means of X-irradiation of the judaica pollen in the original cross. 


In the present paper, cytological comparisons are made of natural 
tetraploids with colchicine-induced tetraploids from some of the recently- 
described diploid subspecies and hybrids. The new tetraploids have 
been compared with natural ones in their frequency of quadrivalents, 
trivalents and univalents at diakinesis and first metaphase and in the 
distribution of chromosomes at first anaphase. Evidence from chromo- 
some cytology and from fertility has been sought for a possible ad- 
vantage of inter-subspecific hybrid autotetraploids over pure ones in 
the natural origin of tetraploid Dactylis. Further, by comparing the 
quadrivalent frequencies in pure autotetraploids with those in inter- 
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subspecific hybrid ones, data have been sought which might be inter- 
preted as preferential pairing, i.e. higher frequencies of quadrivalents 
in the pure than in the hybrids. 

Preferential pairing has been interpreted by some (STEPHENS 1950) as evidence 
for small-scale structural differentiation of the chromosomes between two groups. 
Myers and Hitt (1943) found increases in mean quadrivalent frequencies of first 
inbred generation over parent from 3.00 to 3.66 and from 3.04 to 3.50 in two of eight 
inbred families, for which they proposed decreased preferential pairing conditioned 
by chromosome differentiation as a partial explanation. Hanson and Hii (1953) 
reported a mean quadrivalent frequency of 1.75-+0.10 in 13 plants derived from 
crosses with a tetraploid having a reciprocal translocation, the presence of the trans- 
location suggesting the presence of other, perhaps smaller, chromosome changes 
as well. In the material of tetraploid lusitanica x judaica already mentioned 
(STEBBINS 1956a), the low mean quadrivalent frequency (1.52) of a “control” 
plant suggested to the author that ‘‘some structural differences exist already 
between the chromosomes of the Portuguese and Judean diploids”’. 


Finally in the present paper, other analyses suggested by the data 
themselves are presented. 


B. Materials and Methods 

The four groups of plants used in this study, listed with place of collection, 
are as follows: (1) Diploid subspecies lusitanica (1), near Sintra, Algueiraio, Por- 
tugal; ibizensis (i), Ibiza, Balearic Islands, Spain; juncinella (jn), Sierra Nevada, 
near Residencia Universitaria, Spain; smithit (sm), Taganana, Tenerife Island, 
Canary Islands; judaica (jd), Judean Mts., Israel. (2) Diploid hybrids 7 x I, sm x l, 
lx jn, jd x1. (3) Natural tetraploids including typical glomerata (g), Golden Gate 
Park, San Francisco, California; maritima (m), near Sintra, Praia das Macias, 
Portugal; collections of hispanica (h) from Alicante (301), Fraga-Candasnos (508), 
and Almeria (5457), Spain; Near-Eastern forms from Giresun (538) and Sivas 
(540), Turkey. (4) Tetraploid hybrids Golden Gate x maritima (g xm); and 
4n ibizensis x maritima (i X m). 

Specimens of the diploids and natural tetraploids are being deposited in the 
University of California Herbarium, Berkeley, by Dr. G. L. Stessrns. Further 
information on the sources of material may be found in McCotium (1958). The 
reader is referred to STEBBINS and ZoHaRy (1958) for morphological, ecological 
and geographical descriptions‘of the subspecies. In the opinion of these authors, 
ibizensis, juncinella and smithii are extreme types in the pattern of morphological 
and ecological variation known for Dactylis, while subspecies lusitanica is an inter- 
mediate form having certain resemblances to smithii, juncinella and aschersoniana. 

Diploids were treated with colchicine by flooding germinating seeds with 0.05, 
0.1 or 0.2 percent solutions for two hours or for two successive two-hour periods. 
Subspecies lusitanica was treated March 3, 1955; ibizensis, smithii, juncinella, 
tx, sm XI, and 1 x jn were treated November 17, 1955. Rooted cuttings of jd x 1 
were soaked in 0.1 percent colchicine for nine hours August 26, 1956. Surviving 
plants, transplanted into flats of soil, were screened for tetraploidy by measuring 
the length of guard cells. For fertility studies, chromosome counts were made 
from each panicle on a chimeric plant, either in squash preparations of young 
anther wall tissue or at meiosis. Some cases were found: of diploid and tetraploid 
sectors in the same panicle or even in the same anther. For studying pollen abortion, 
florets were collected in small envelopes on the morning of the day the anthers 
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were ready to dehisce. Pollen abortion, as measured by improper staining with 
acetocarmine, was determined by microscopic examination of the contents of single 
anthers within a week after collection. Usually 200 or more grains per anther 
were counted. Seed set was measured as the percent of florets with well-developed 
caryopses in panicles harvested April.and May, 1957. Usually 200 or more florets 
per panicle were examined. Both pollen and seed fertility values are for plants 
grown under winter greenhouse conditions. 

Studies of meiosis in some plants were made during the spring and summer 
of 1956. However, most of the data on meiosis as well as on fertility were collected 
from plants brought into the greenhouse at Davis in the fall of 1956 and forced 
to flower by lengthening the photoperiod. Flowering continued from the first 
of January to the middle of March. Some material was also collected at other 
times from pot- and field-grown plants at Davis and Berkeley. These represent 
small fractions of the total data with the exception of tetraploid lusitanica x 
juncinella, for which most information on meiosis is based on one plant grown in the 
garden at Berkeley in the summer of 1956, and diploid juncinella, one garden- 
grown plant at Berkeley, summer 1957. For meiosis, young anthers were dis- 
sected -from the florets and fixed 24 hours in 1:3 glacial acetic acid and absolute 
ethyl alcohol, then stored in 70% ethyl alcohol. Studies of chromosome association 
were made from temporary slides prepared by the acetocarmine squash technique 
and examined under the oil immersion objective. The photomicrographs were 
made from both temporary and permanent slides by Mr. LornNE HarDakeEr. 


C. Results 
I. Quadrivalents 


1. Frequencies. Tabulations of the chromosome configurations in 
tetraploid Dactylis microsporocytes were made at diakinesis and first 
metaphase (see Figs. 1—5and 7—11, pp. 576, 593). Nearly all chias- 
mata were terminal, most quadrivalents being chains with three or rings 
with four chiasmata. A few Y’s with three and “frying pans” with four 
chiasmata were also found. Most trivalents were chains with two 
chiasmata, although a few Y’s and frying pans were also seen. Bi- 
valents were rings or rods. Mean chromosome associations of some of 
the plants studied are listed in Table 1. These data are selected from 
Table 6 of McCottum (1958), and do not include all of the data on 
which the present paper is based. If an asynaptic plant, sm x / 638-4, 
and two extreme values based on small samples are omitted, the mean 
numbers of quadrivalents per cell range from 2.54 in subspecies hispanica, 
301-Alicante, to 4.51 in the hybrid 4n7i xm 6140. For ‘a variance 
analysis of quadrivalent number (omitting 7 x m 6140; sm x1 638-1, 
aneuploid; and 638-4, asynaptic) the sources of variation were par- 
titioned into four groups — induced tetraploid subspecies, induced 
tetraploid hybrids, natural tetraploid subspecies, and natural tetra- 
ploid hybrid (Table 2). Overall, the mean number of quadrivalents 
per cell was only slightly lower at metaphase than at diakinesis (3.44 
vs. 3.50), so the samples of cells at the two stages were not separated 
in the analysis. 
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Rigs. 1—9. Photomicrographs of meiosis. 1—3 Diakinesis in maritima 239-3 cells with 
14 bivalents, 7 quadrivalents, and 4 quadrivalents + 6 bivalents. 4 Diakinesis in induced 
4n smithii 635-13 cell with 3 quadrivalents + 8 bivalents. 5 Diakinesis in induced 4n 
ibizensis 634-8 cell with 1 quadrivalent.+ 12 bivalents. 6 Diakinesis in diploid i x1 cell 
with 7 bivalents. 7 First metaphase in induced 4n 1 x jn 639-6 cell with 5 quadrivaients 
+4 bivalents. 8 Diakinesis in induced 4n juncinella 636-17 cell with 1 quadrivalent + 
11 bivalents + 2 univalents. 9 Diakinesis in induced 4n lusitanica 585-9 cell with 
3 quadrivalents + 8 bivalents (880 x ) 
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Table 1. Chromosome association in induced and natural tetraploids 






























































Sub- Mean . 
; Fes as Ppapaceginn y Mean No. per cell * 

3 ; Diak. hiasmaté No. of 
Por. | Plant No. | oy Mi | per chromo- cells 
hybrid some Quad. Tri. Biv. Univ. 

l 585-9 D 0.864 4.00 0.07 5.76 0.25 233 

M .826 3.83 27 5.60 .67 267 

a 634-8 D .894 3.89 .03 6.10 wee 71 

: M .878 3.41 oh? 6.70 46 54 

jn 636-9 D .812 3.63 HE 6.36 44 113 
M .822 3.82 .26 5.63 .68 128 

636-19 D -778 3.37 13 6.76 .60 68 

M .800 3.14 18 7.09 .73 125 

sm 635-13 D -754 3.43 13 6.68 .52 499 
M .756 3.47 .22 6.33 .79 190 

xl 637-10 D .788 3.24 21 6.74 .94 185 
M .775 3.28 33 6.29 1.29 226 

637-18 M .798 3.15 27 6.86 .86 194 

sm Xl 638-8 M -784 4.24 33 4.49 1.08 51 
‘| 638-1 D -741 2.82 58 6.20 1.65 106 
638-4 M .716 2.88 .84 5.77 2.40 43 

638-4 M .346 0.60 .57 5.59 12.73 126 

ix jn 639-6 D .881 4.30 .09 5.15 24 229 
M .855 4.00 .28 5.30 57 47 

jd xl | 6106-6 D .862. 3.59 .05 6.65 16 37 
9 538-1 D .824 2.83 .00 8.34 .00 110 

g 101-1 D .947 3.91 .00 6.18 .00 88 
101-4 M .906 4.09 .03 5.73 .06 65 

m 239-3 D .924 3.74 .005 6.51 .02 189 
239-5 D .950 4.39 .02 5.16 .06 217 

h 301-1 D .779 2.54 01 8.88 .04 151 
508-2 D .901 2.95 .00 8.10 O01 169 

M 887 | 2.93 01 | 8.10 06 | 123 

508-8 D -750 2.56 .06 8.72 14 251 

5457-8 D .805 2.88 .04 8.16 .06 80 

gxXm | 6137-2 M .910 3.37 01 7.18 Bb 94 
6137-4 M .898 3.51 .02 6.93 -05, 148 

6137-5 M 917 3.26 .02 7.41 .04 94 

6137-10 M .884 3.43 .00 7.12 .04 89 

ixm | 6140-1 M 835 3.36 .03 7.20 .09 101 
6140-2 D 0.915 4.51 0.00 4.95 0.05 113 











a Aneuploid, 27 chromosomes. 
b Asynaptic panicle. 


Ordinarily the effect of variation in date of fixation should not be 
ignored. A number of studies have shown that chromosome pairing 
and chiasma frequency — which is correlated with quadrivalent fre- 
quency — may be changed to some extent by manipulating the en- 
vironment in which the plants are grown, e.g. temperature, moisture, 
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Table 2. Quadrivalents per cell 
Strain and group means 









































Induced tetraploids Natural tetraploids 
Subspecies Hybrids Subspecies Hybrids 
1 3.88 xl 3.22 g-101 3.99 gxm 3.42 
r 3.47 sm Xl 3.86 g-538 2.83 
jn 3.49 lx jn 4.19 g-540 3.53 
sm 3.42 m-239 4.06 
h-301 2.54 
h-508 2.76 
h-5457 2.66. |. 
Group means| 3.57 3.55 3.31 3.42 
Induced versus natural 3.56 3.34 
Analysis of variance 
Source of variation Face ll Mean square beige ane - 
Potal-eevis= $<. vs 5433 
ESOT Sos ren Ae 3 23.489 <1 3/11 
Strains within groups . ll 89.802 6.61%" 11/25 
Plants within strains. . 250°: 16.007 9.64 ** 25/5394 
Cells within plants. . . 5394 1.661 














++ Significant at the 1% level of probability. 


nutrition, etc. Various aspects of this topic are discussed by BARBER 
(1942), Exxiorr (1955), Gaui (1953), Grant (1952), Harte (1953, 
1954), HorrmMan (1954), and Linnert (1952, 1953). Few environmental 
studies of chromosome pairing involve quadrivalent frequencies in tetra- 
ploids. At high temperature (36°C, 24 hrs.) as compared to normal 
temperature, Pao and Li (1948) found an increased number of uni- 
valents and a decreased number of bivalents in both diploid and auto- 
tetraploid rye (Secale cereale) and a decreased number of quadrivalents 
in the tetraploid. Von Brre (1936) states that chiasma frequency in 
natural autotetraploid Hordeum bulbosum was lower in fixations of 
plants grown during conditions of low temperature including some 
frost (—2.9° C) than in fixations made under more favorable conditions. 
In spite of this asynapsis, the frequency of quadrivalents relative to 
trivalents, univalents, and bivalents was reported to be the same under 
both conditions. 

In connection with the present study, five tetraploid plants of 
Dactylis were exposed to low temperatures (25—36° F) for four or five 
days during flowering in an attempt to modify the frequency of quadri- 
valents at meiosis. The procedure and results are described in Mo- 
CoLLUM (1958). Although in a few instances the frequency of chiasmata 
and quadrivalents was lower and the frequency of univalents higher 
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in the treated than in the control material, the effect of the cold was 
not consistent in all plants, nor even evident in some, suggesting that 
moderate changes in temperature played a relatively minor role in 
variation in quadrivalent frequency. Although Myers (1943) found 
that the difference due to “‘years” in quadrivalents was not statisti- 
cally significant in the six clones of Dactylis studied by him in two 
different years, MyErRs and Hitt (1942) obtained a significant difference 
between duplicate collections of twelve plants made two days apart 
in February. In the present study, “plants’’ mean square in the variance 
analysis is not independent of fixation date. However, as more than 
ene plant is frequently represented on the same day of fixation, and 
some plants are represented by fixations on two different days a ‘‘fixa- 
tion” sum of squares was partitioned in such a way as to provide a 
crude estimate of the relative importance of ‘‘plants’” and “date of 
fixation’ in causing variation in quadrivalent frequency. The effect 
of date of fixation was found to be sufficiently lower than the effect 
of plants as to be disregarded in the main analysis of quadrivalent 
frequencies (McCoLLum 1958). Gruwn (1951) similarly found that varia- 
tion in plants was much more important than variation in dates of 
fixation in affecting the quadrivalent frequency in alfalfa. 

The variance analysis of quadrivalent frequencies (Table 2) showed 
that the differences between plants within strains and between strains 
within groups were highly significant, but that the differences be- 
tween “groups” were not. The means listed in Table 2 (calculated as 
Sf X/N) represent some of the comparisons made in the analysis. Taking 
these at face value, the hybrid induced tetraploids have as high a 
frequency of quadrivalents as the non-hybrid induced tetraploids. As 
a group, the induced tetraploids have a slightly but not significantly 
higher frequency of quadrivalents than the natural tetraploids. Among 
the latter, the four plants representing three different collections of 
hispanica had lower mean numbers of quadrivalents than are usually 
reported for natural tetraploid Dactylis, i.e. less than 3.0 per cell. It 
cannot be said certainly that such low values are characteristic of all 
plants in these collections nor of hispanica types in general, since Zo- 
HARY (1955) reported a mean value of 3.28 quadrivalents per cell in 
a hispanica from Malaga, Spain. Nevertheless, the possibility of sub- 
species or locality differences in quadrivalent frequency as evidence 
of progress toward diploidization should be considered in any detailed 
cytological study of relationships among the natural tetraploids. 

2. Orientation. If it is true that the disjunction of chromosomes 
from a quadrivalent is nearly always equal (2-2) when orientation of 
the quadrivalent is alternate (zig-zag ring or chain) whereas it is fre- 
quently unequal (3-1) if orientation is adjacent (GARBER 1954, 1955; 
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Hitrert 1957; THompson 1956), the desirability of maximum zig-zag 
orientation and thus maximum regularity of chromosome distribution 
is obvious. The random probability of alternate versus adjacent orien- 
tation of the quadrivalents on the spindle has been considered to be 
one-half (GARBER 1955). A frequency of zig-zags higher than this 
would indicate rion-random or “‘directed” orientation presumably under 
genetic control. THompson (1956) has shown that heritable differences 
in type of disjunction from interchange configurations occur in rye, 
and GARBER (1954) found in tetraploid species of Sorghum (x =5) 

that zig-zag quadrivalents pre- 











Table 3. Frequencies of zig-zag dominate in Sorghum austra- 
quadrivalents at first metaphase liense and 8S. plumosum (87 

in Svb- | piant | Zig-2a@ | potar | total +0 97 % wzig-zags) but not in 
or hyena No. aa * | quad. | cells S. leiocladum (49—61 % ). High 
frequencies of zig-zags in 

l 585-9 | 38.9 | 684 | 170 other natural autotetraploids 

‘ ee, |. aot es pe include 94% in Hordeum bul- 











jn 636-9 | 43.8 | 416 | 107 
jn 636-19) 45.7 392 | 125 bosum (von Bera 1936), 74 


sm 635-13) 41.0 407 125 and 85% in Arrhenatherum ela- 
ixl | 637-10) 32.6 343 | 107 ~— tiws and Agropyron cristatum 
Pes, 1 5 ag eh oe i (Myers and Hirt 1940), 84 to 
Lxjn | 639-6 | 48.8 164 40 97% in Agrostis canina ssp. 
J 101-4 | 59.0 256 62 montana (JONES 1956a), and 
m 239-4 | 34.2 269 67 70% in Dactylis glomerata 
h__| 508-2 | 50.5 | 309 | 103 (Munrzmne 1933), all with 


gxm |6137-4 | 62.8 | 519 | 148 47 
gxXm_ |6137-5 62.5 307 94 : ; 
txm |6140-1 | 47.5 339 | 101 If zig-zag orientation is 


advantageous to the fertility 

of an autotetraploid plant, one might expect natural selection to have 
favored genotypes which condition a maximum frequency of this type of 
orientation. According to this argument, natural tetraploids should have 
a higher frequency of zig-zags than do first-generation colchicine-induced 
tetraploids which have not been subjected to selection. In the Dactylis 
material studied here, in which the frequencies of zig-zags among 
quadrivalents at first metaphase were determined from samples with 
reasonably large numbers of cells (Table 3), this expectation was in 
general realized. However, all the plants fell below the 70% zig-zags 
reported by Mtnrzina, and only g 101 and g x m 6137 had frequencies 
above 50%. Presumably all of the induced, and possibly the natural 
tetraploids as well, have a non-directed orientation of quadrivalents. 
3. Binominal distribution. Attempts to determine whether the 
probability of quadrivalent formation is the same for each of the seven 
sets of four homologous chromosomes in tetraploid Dactylis are per- 
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tinent to Dactylis cytogenetics in the following ways. If the chromo- 
somes of the diploid subspecies are structurally differentiated, it is 
possible that this differentiation varies in degree from one set of four 
homologous chromosomes to the next. This variation could be made 
known by observing that different quadrivalent frequencies between 
sets occur in the induced tetraploids ‘of subspecies hybrids but not in 
the induced tetraploids of pure subspecies, even though the overall 
mean quadrivalent frequency were the same in both types. Further- 
more, Hanson and CARNAHAN (1956) have already suggested, on evi- 
dence that inbreeding depression was nearly as great in cultivated 
tetraploid orchard grass as is expected in a diploid species, that this 
form of Dactylis might be a segmental allopolyploid and exhibit both 
tetrasomic and disomic inheritance. STEBBINS (1950, pp. 325—326) 
discusses a stable type of segmental allopolyploid in which some sets 
of four chromosomes might be structurally homologous and able to 
form quadrivalents while other sets are so strongly differentiated as 
to form only bivalents. 

Other possible causes of differences between non-homologous sets 
in frequency of quadrivalent formation should be eliminated before 
placing the responsibility on different degrees of structural homology 
leading to more or less preferential pairing among the various sets. 
For example, differences in chromosome length related to chiasma 
frequency may be important (MaTHER 1937; Rees 1957). Tanaka 
(1940) recorded significantly higher frequencies of quadrivalents among 
the long and medium length chromosomes than among the short ones 
in tetraploid Carex siderosticta (x =6). Position of the centromere and 
number of “pairing blocks” (DARLINGTON and MATHER 1934; cf. OKSALA 
1952) may also influence quadrivalent frequency. All the chromosomes 
of Dactylis are approximately the same length, have median or sub- 
median centromeres (LEVAN 1930) and usually have one chiasma per 
bivalent-arm, suggesting that there is one “‘pairing block’”’ per chromo- 
some arm in each of the seven chromosomes. Direct observation of 
differences in quadrivalent frequency between non-homologous sets is 
not possible in Dactylis, because individual differences in chromosome 
morphology have not been recognized at diakinesis and first metaphase 
in this species. However, if the probabilities of quadrivalent formation 
are the same for each set of four chromosomes and for every cell in an 
anther, the numbers of cells with 0, 1, 2, . . . 7 quadrivalents are ex- 
pected to follow a binomial distribution; if they are not the same, 
deviation from the binomial may be expected. Agreement, of course, 
does not constitute proof. 

The application of the binomial distribution to problems of chromo- 
some pairing has been explained recently by Hatx (1955) who used 
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the method on data collected from the literature to show that pairing 
frequency in hybrids between closely related species is uniform from 
one set of homologous chromosomes to the next but in hybrids of dis- 
tantly related species it is non-uniform. PoviLaitis and Boyss (1956) 
found that the distribution of cells with varying numbers of quadri- 
valents in autotetraploid Trifolium pratense (x=7) did not fit the 
expected binomial. Their sample of 383 cells, however, was made up 
by pooling smaller samples from 14 separate plants, some of which 
had slightly differing quadrivalent frequencies. Masima (1947b) states 
that the frequency distribution of cells with varying numbers of quadri- 
valents in autotetraploid Linum angustifolium (x=15) corresponds 
to the binomial. Several other enumerations of quadrivalents found in 
the literature appear to be distributed in this way, e.g. JonES (1956b), 
but statistical verifications have not been included. In Dactylis, several 
reported distributions of quadrivalents are unimodal but apparently 
have not been tested against a theoretical binomial. In the present 
study, samples of at least 50 cells from each of 37 anthers were tested. 
Twelve of these distributions are shown in Table 4. To test the agree- 
ment of the observed distributions with theoretical binomial ones, 
both the variance ratio (F) and chi-square test were used. It is more 
convenient to obtain the statistics necessary for the F test than for 
. the chi-square test, because it is not necessary to expand the binomial 
to compute its variance. Pertinent to the use and interpretation of 
the variance ratio in connection with binomial distributions is a dis- 
cussion by YULE and KENDALL (1937, Ch. 19). 

In the 37 samples tested, the conclusions from the variance ratios 
corresponded fairly closely with those from the chi-square tests. At 
the 5% level of significance, two distributions — g x m 6137-4 and 
4n jn 636-9 — did not agree with a binomial distribution according 
to the F test. Using chi-square, only one — 639-9 — did not agree. 
The deviating distributions could be expected by chance at the level 
of significance chosen. Furthermore, three sister plants of 6137, a 
second anther of 636-9, and two anthers of 636-19 did not deviate 
from the binomial. All distributions shown in Table 4 fit the binomial. 
From this evidence, there is strong reason to think that the probability 
of quadrivalent formation in all tetraploid Dactylis studied — induced 
and natural, subspecies and hybrid — is the same from one set of four 
chromosomes to the next within a cell and from one cell to the next 
within an anther. 

4. Correlation with chiasmata. The variation in frequency of quadri- 
valents between plants and probably also between strains of Dactylis 
‘ is associated in part with variation in frequency of chiasmata. MyYERs 
(1943) calculated the correlation coefficient of quadrivalents and chias- 
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Table 4. Binomial distribution of quadrivalent numbers 





























Plant #8 Cells with number of quadrivalents: bk vilite of Vari- 
and stage B=] . S | quadriv. | ance* 
eto | 1 |..9..) dtodd Bale (p) 

1 585-9 E>] 0.3| 4.1/16.3 | 36.9 | 50.0 | 40.5 | 18.3] 3.6]170.0] 0.575 1|1.7106 
meta. OE 1 3 /11 |46 |49 |40 | 15 5 170 1.6444 
jn 636-19 E 2.0} 11.1 | 27.0 | 36.5 | 29.6 | 14.4] 3.9] 0.5 1|125.0] 0.448 [1.7311 
meta. oO 2 110 |25 |41 |29 |15 3 0 125 1.5862 
sm 635-13 E 1.4] 8.6} 22.9 | 33.9 | 30.0}15.9| 4.7] 0.6]118.0] 0.470 |1.7437 
diak. oO 1 |11 |19 |38 |29 |12 7 u 118 1.8651 
«xX 1637-10 | E 1.4} 8.9 | 23.9 |! 35.8 |32.1117.2] 5.1] 0.6 |125.0] 0.473 11.7449 
diak. O 1 y ee ee | Be Re) 4 0 125 1.6357 
sm X 1 638-4] E |[40.3/19.9) 4.2] 0.6 65.0] 0.066 |0.4315 
meta. O {41 {18 6 0 65 0.4399 
lx jn 639-6 | E 0.1) 0.7} 4.0] 12.3 | 22.9 | 25.3} 15.6] 4.1] 85.0] 0.649 |1.5946 
diak. O 0 1 5 112 {19 |30 {13 5 85 1.7036 
g 101-1 E 0.2) 2.1| 7.9)16.5|20.5}15.3} 6.4] 1.1] 70.0] 0.555 {1.7288 
diak. O 0 3 7° Pi6- Pat 17 4 2 70 1.7549 
m 239-3 E 1.0| 7.2|24.9 | 47.4 |54.4/37.4/14.4] 2.3 ]189.0] 0.534 [1.7419 
diak. O 3 5 |22 |63 |54 |34 |14 4 189 1.8445 
h 301-1 E 6.5 | 25.8 | 43.9 | 41.5 | 23.6] 8.0] 1.5] 0.2 ]151.0] 0.362 [1.6167 
diak. 0 2 {32 |47 |34 |26 9 1 0 151 1.5437 
h 508-8 E 7.2 | 30.0 | 53.6 | 53.4} 31.9} 11.4] 2.3] 0.2 |190.0] 0.374 |1.6389 
diak. oO 6 |37 |46 |54 |31 13 3 0 190 1.7498 
g X m 6137-2 | E 1.0} 6.1]17.1 | 26.5 | 24.7/13.8| 4.2] 0.6] 94.0] 0.482 [1.7477 
meta. O 1 8 {13 |30 |20 |20 1 1 94 1.7846 
tx m 6140-2] E 0.1} 1.0] 5.6} 16.8 | 30.6 | 33.5 | 20.2| 5.2 ]113.0] 0.645 |1.6028 
diak. O 0 1 3. TIS. tae ae EE? 6 113 1.3007 























a For the expected binomial, calculated as kpqg where k=7, g=1—p. 
b Expected distribution, n(p+q)*. 
ce Observed distribution. 


mata to be r=0.517 (D.F. 7) in the nine clones of Dactylis he studied 
and r=0.462** (D.F. 25) when the three replications per clone were 
used as paired values. In two inbred families containing six and twenty 
plants, a correlation coefficient, r=0.68** was obtained (MrERs and 
Hitt 1943). Hanson and Hix (1953) reported r=0.709** for multi- 
valents (mostly quadrivalents) and chiasmata in hexaploid Dactylis. In 
the present study, the mean numbers of quadrivalents and chiasmata per 
cell were paired in 43 plants (omitting sm x 1 638-1 and 4) from which the 
correlation coefficient, r = 0.539, and the regression coefficient of quadri- 
valents on chiasmata, b = 0.164, were calculated. These values are signi- 
ficant at the 1% level of probability. By an analysis of covariance, 
Myers (1943) showed that the differences between frequencies of quadri- 
valents in different plants were still significant after the means had been 











584 GitBert D. McCoLium: 


adjusted for regression on chiasma frequency. Such an analysis is not 
included here, but it seems safe to conclude that no more than 30% 
(r2) of the variation in frequencies of quadrivalents among plants should 
be attributed to variation in chiasma frequency. 

Differences between the quadrivalent frequencies of different plants 
are caused ultimately by differences in chromosome structure or in 
genetic constitution acting directly or indirectly on the frequency (1) of 
prophase association of all four homologs, (2) of change of pairing part- 
ners, and (3) of occurrence of chiasmata. Between-plant correlations of 
quadrivalents and chiasmata could result from causative elements com- 
mon to both, for example genetic control of chromosome pairing or per- 
haps degree of chromosome homology. Structural differentiation of 
ichromosomes presumably will lower the frequency of quadrivalent pair- 
ing and promote bivalent pairing at early prophase and in addition 
decrease the frequency of chiasmata in those cases where “non- 
homologous pairing” did occur. 

Within an individual plant or anther, however, the differences from 
cell to cell, ranging from 0 to 7 quadrivalents in tetraploid Dactylis, 
cannot be explained in terms of chromosome structure nor of geno- 
type. Variability could be caused by differentiation of the internal 
environment, for example physiological gradients. It is more likely, 
however, that the explanation lies in the random occurence or failure 
of occurrence of the several events necessary if one quadrivalent instead 
of two bivalents (or a trivalent and a univalent, etc.) is to be formed 
by a group of four homologous chromosomes.’ Randomness is suggested 
in the binomial distributions of cells described earlier. For discussions 
and literature reviews of several aspects of quadrivalent formation in 
autotetraploids, the reader is referred to ARMSTRONG (1954), DARLING- 
TON (1937), Gites (1955), GorrscHaLK (1954, 1955), Grun (1951, 
1952), Liynerr (1948, 1949), Masia (1947a, b), Morretr (1936), 
Mtnrzinec and PRAKKEN (1940), NoRDENSKIOLD (1945), OKsaLa (1952) 
and Urcotr (1939). 

Cell-to-cell variation in chiasma frequency as one phenomenon 
associated with cell-to-cell variation in quadrivalent frequency was 
studied in Dactylis by Myrrs (1943) who reported six highly significant 
within-plant correlation coefficients ranging from 0.559 to 0.304. Three 
others, 0.228, 0.126 and 0.113 were not significant, suggesting that 
variation in number of quadrivalents might be more closely associated 
with chiasma number in some plants than in others. In the present 
study, samples of cells from several anthers were large enough for the 
calculation of estimates of the within-plant relationship between quadri- 
valents and chiasmata. The possibility was considered that the de- 
pendence of quadrivalent formation on variations in frequency of 
chiasmata would be relatively less in the natural than in the induced 
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Table 5. Intra-anther quadrivalent-chiasma regression and correlation 
























































Sub- M Mea 5 2 
whedon Plant Diak. Total PP 0 anion a eae 
or No. or MI cells per chrom. per cell =< “ sayin aie 

hybrid (a) (y) (byz) (r) 
2 585-9 D 68. 0.871 4.18 0.091 0.123 
585-9 M 170 .835 4.02 a0" .o4** 
585-9 M 60 -795 3.55 .286 t+ Map t* 
jn 636-9 M 107 .827 3.89 .259 ++ .424++ 
636-9 D 63 -800 3.38 .369 ++ -635 ** 
636-19 M 125 .800 3.14 © .229** .316** 
636-19 D 68 .778 3.37 .332** 455° 
sm 635-13 D 60 .773 3.83 PS i sea O12 °° 
635-13 D 118 -735 3.29 .468 ++ .657 ** 
ex 637-10 D 125 .786 3.31 .220** .351] ** 
637-10 M 107 .784 3.20 31] t+ .498 ++ 
637-10 M 61 -782 3.41 .316*+ .665.+* 
637-18 M 76 -790 3.03 .302** .383 ** 
sm Xl 638-4 M 65 .310 0.46 .065 .222 
638-4 M 61 .232 0.26 Bk sii 435 ** 
Lx jn 639-6 D 85 .886 4.54 20 ** 466 ** 
639-6 D 66 .876 4.14 423 ** 41) Saad 
g 101-1 D 70 -946 3.88 .399 ** .376 ** 
101-4 M 62 .906 4.11 .043 .051 
g 538-1 D 61 .819 2.75 350 tt 4747+ 
m 239-3 D 189 .924 3.74 .290** .318 tt 
239-4 M 67 .926 4.01 .255* .268* 
239-4 D 53 .912 4.02 .401 ** 478 t* 
239-5 D 153 .953 4.59 .051 .053 
239-5 D 64 -942 3.92 .140 .143 
h 301-1 D 151 -779 2.54 .3637** .458 ** 
508-2 D 62 917 2.92 .364** .460** 
508-2 M 103 .885 3.00 .328** .430** 
508-8 D 61 -756 2.36 .420*+ .697 ** 
508-8 D 190 .748 2.62 .405** .618** 
5457-8 D 53 .792 2.79 Pet bs .413** 
gxXm 6137-5 M 94 917 3.26 .249** .306 ** 
6137-2 M 94 .910 3.37 .181* .222* 
6137-4 M 148 .898 3.51 .188** .248 ++ 
6137-10 M 89 .884 3.43 172* .233* 
ix m 6140-2 D 113 915 4.51 ‘Bene 337 ** 
6140-1 M 75 0.838 3.39 0.237** .348 t+ 








* Significant at the 5% level of probability. 
++ Significant at the 1% level of probability. 


tetraploids, the latter having in general lower chiasma frequencies and 
having had no opportunity for selection towards genetic control of 
quadrivalent frequency by means other than through chiasma frequency, 
e.g. prophase association and exchange of partners. No such difference 
between induced and natural tetraploids is evident (Table 5). High and 
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low correlation coefficients were obtained in both types. There are, 
however, significant differences at the 1% level of probability among 
the regression coefficients of the different anthers, as determined by 
an analysis of covariance using the method explained by SNEDECOR 
(1946, pp. 325—327). Also, when the correlation coefficients for the 
different samples of cells, at least within a single plant, are compared 
with their respective mean numbers of chiasmata per chromosome, 
there is some tendency for the correlation coefficients to be lower in 
anthers where chiasma frequency is relatively high than in anthers 
where chiasma frequency is lower. Obviously a quadrivalent requires 
a minimum of three chiasmata. Therefore if any cell has fewer than 
21 total chiasmata, the maximum of 7 quadrivalents is by definition 
not possible in that cell. For this reason, a positive correlation is to 
be expected in any sample of cells, some cells of which have fewer than 
21 chiasmata. The minimum number of chiasmata observed in any 
cell was 13 (with the exception of asynaptic sm x 1638-4) and the 
maximum was 28. One might expect that the correlation would be 
greater in the range 13 to 21 chiasmata per cell than in the range 21 
to 28, where chiasma frequency is high enough in every cell for the 
maximum of 7 quadrivalents to be formed (cf. Linnert 1948). No 
single plant provided enough cells to test this idea, and the pooling 
of cells from plants of different genotypes, as this writer has done 
(McCotLum 1958) possibly confounds factors responsible for between- 
plants correlations with those responsible for between-cells within-plants 
correlations. When a correlation diagram pooling 5427 cells was split 
into the range 13 to 21 chiasmata in which chiasma number is limiting 
and the range 21 to 28 chiasma in which it is not, the correlation coef- 
ficients obtained were 0.2976 and 0.2811 respectively, scarcely different 
from each other in absolute value, even though the difference is sig- 
nificant at the 1% level of probability. In any event, it seems obvious 
that in cells with fewer than 21 chiasmata, there is a direct causal 
relationship between chiasma and quadrivalent numbers in addition 
to any association of the two through a third element common to both. 
it is suspected that the correlation value for the complete range of 0 
to 21 chiasma per cell (assuming the use of genetically homogeneous 
material having this wide range of chiasmata) would be much higher 
because of this relationship of ‘‘causation by definition” than the 0.2976 
calculated from the smaller range 13 to 21 in a mixture of genotypes. 
Even in the range of 21 or more chiasmata, where there is no necessary 
cause and effect relationship, it may be argued that there is a correlation 
because an increase in number of chiasmata in a cell will decrease the 
probability that any set of four associated homologs will fall apart 
into two bivalents. Although the data presented here do little to clarify 
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the question, it seems reasonable to believe that the strength of the 
within-plant relationship of quadrivalent and chiasma frequencies may 
vary as individual plants vary in (1) general level of chiasma frequency, 
(2) general level of chromosome structural homology and genetic homo- 
zygosity, and (3) presence and kind of specific gene control in chromo- 


some pairing behavior. 


II. Level of Chromosome Pairing 

1. Chiasma frequencies. The formation of one quadrivalent rather 
than two bivalents by any set of four partially or completely homo- 
logous chromosomes is conditional on the occurrence of (1) at least 
one change of pairing partners during prophase association of the four 
homologs, and (2) chiasmata in sufficient numbers to connect each 
chromcsome to one or more of the others. Change of partners at early 
prophase is difficult to study in most material. Chiasma frequency 
at diakinesis or first metaphase is more easily and routinely investigated. 

To the extent that the number of chiasmata restricts the formation 
of quadrivalents, the study of chiasma frequency in the diploids provides 
background to any study of quadrivalent frequency in the induced tetra- 
ploids. At the diploid level, if a hybrid has fewer chiasmata or more uni- 
valents than its two parents, one possible interpretation is that the 
chromosomes of the parents are partially differentiated structurally and 
do not pair as well with each other as with their exact homologs (cf. 
STEPHENS 1950). Chromosome doubling of such a hybrid should increase 
the frequency of chiasmata. If poor pairing in the diploid hybrid has 
purely genetic causes, these may carry over to the tetraploid (BEASLEY 
and Brown 1942). In either case — structural differentiation or upset 
in genetic control of chiasma frequency — bivalents are expected to 
be more frequent and quadrivalents less frequent in the hybrid tetra- 
ploid than in tetraploids of the two parents. In the first case, the cause 
is preferential pairing; in the second case, the cause is restriction on 
quadrivalents imposed by low chiasma frequency — two rod bivalents 
require only two chiasmata while one chain quadrivalent requires a 
minimum of three chiasmata. 

MtntzinG (1937) has reported an average of 0.776 chiasmata per 
chromosome in diploid ascherseniana, ZOHARY’s studies (1955) indicate 
that hybrids between diploid subspecies of Dactylis have “normal” 
chromosome pairing and good fertility. This is true of the diploids 
studied here. Ring and rod bivalents with terminal chiasmata were 
the most common configurations at diakinesis and first metaphase. 
Very infrequent cross-shaped bivalents were also seen. The mean 
numbers of chiasmata per chromosome for the diploids are included 
in Table 6. There is no evident reduction in chiasma frequency in the 
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Tabie 6. Chiasma frequency comparisons 



























































; ‘ Mean chiasmata Cells 
Subspecies Diak. per chromosome 
or hybrid or MI 
Tetraploids} Diploids 4n 2n 
lusitanica D 0.870 0.930 320 128 
M .832 .897 296 1349 
ibizensis D .910 .930 115 954 
M .863 .927 69 548 
juncinella D 799 tach 392 ore 
M .810 .686 272 176 
smithit D -760 .728 589 688 
M -756 -729 276 335 
txt D -782 .956 206 381 
M .786 .876 427 830 
sm x I* D ~ gh .918 122 221 
M .759 .906 98 582 
lx jn D .881 .899 231 284 
M .831 0.878 76 357 
glomerata-101 D 947 88 
M .906 65 
g-538, 540 D .834 129 
maritima D .933 499 
M .926 67 
hispanica D 803 651 
M .874 138 
gxm D .897 44 
M .902 425 
7~xm D 915 113 
M 0.835 101 
Diploid-tetraploid chimeras 
1 585-7 D 0.887 0.976 53 15 
1 585-9 D .864 .893 233 67 
M .826 .888 267 1156 
¢ 634-1 D .910 .981 19 57 
4 634-8 D .894 .954 71 165 
sm 635-13 D .754 .722 499 444 
M -756 . 730 190 297 
sm 635-40 D 771 -762 37 100 
t X 1 637-18 M 0.798 0.837 194 225 

















a sm X 1638-4 omitted. 


hybrids (see also Fig. 6). The values obtained in several plants of ssp. 
smithit were consistently lower than most of the others and are perhaps 
characteristic of this subspecies. The mean chiasma frequency of the 
only satisfactory fixation of juncinella (collected under different growing 
conditions from the others) was unusually low at 0.686 per chromosome. 
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In the tetraploids, as in the diploids, nearly all chiasmata are ter- 
minal at diakinesis and first metaphase. The mean numbers per chromo- 
some are listed in Table 6 from which two generalizations may be made: 
(1) as a group the hybrid induced tetraploids have the same chiasma 
frequency as the tetraploids from pure subspecies, and (2) the natural 
tetraploids have a slightly higher chiasma frequency than the induced 
tetraploids. Among the natural ones, the hispanica types — especially 
Alicante 301 — are the lowest. The mean value 0.823 chiasmata per 
chromosome in a natural tetraploid was reported by Mtnrzine (1937), 
and among 9 clones studied by Myers (1943), means ranged from 
0.845 to 0.950. Myers and Hitt (1943) found one plant in a first inbred 
generation which had an average of 0.650 and two others with 0.760 
and 0.795 chiasmata, while the remaining 23 inbred plants had averages 
above 0.800. No chiasma frequencies were published for the induced 
tetraploids studied by Myers, i.e. 4n aschersoniana and 4n ascher- 
soniana X woronowit. 

In the cases where material was obtained from both diploid and 
tetraploid sectors of the same plant, the chiasma frequency of the 
induced tetraploid could be compared more directly with its diploid 
counterpart (Table 6). Chiasma frequencies in lusitanica, ibizensis, and 
i x1 were slightly lower in the tetraploids than in the diploids, but in 
smithii, where it is already low, chiasma frequency is higher in the 
tetraploid than in the diploid. 

It has been well demonstrated in cereal rye that differences in chiasma 
frequency are under genetic control (see especially REEs 1955a, b; REES 
and THompson 1956). Furthermore, species within a genus may have 
characteristically different mean chiasma frequencies per chromosome, 
such as GARBER (1950) has found in Sorghum. 

2. Trivalent and univalent frequencies. The frequency of trivalents 
and univalents at meiosis is characteristically low in natural tetraploid 
Dactylis glomerata (ZoHARY 1955). No reports of the frequencies of 
these meiotic configurations in induced tetraploids of Dactylis have 
been found in the literature, although Myzrs (1948) stated that induced 
tetraploid aschersoniana resembled D. glomerata in cytological behavior. 
Table 1 (p. 577) includes some of the mean numbers per cell of trivalents 
and univalents in the tetraploids studied here. Strain and group means, 
changed to numbers per hundred cells, are listed in Table 7. The natu- 
ral tetraploids have the expected low frequencies of these configura- 
tions, averaging slightly less than 2 trivalents and 6 univalents per 
100 cells at metaphase. Mtnrzine (1937) found 4 trivalents and 8 uni- 
valents per 100 cells in a plant of Skandia II. Myers (1943) reported 
0 to 9trivalents per 100 cells in the 9 clones he studied; from 3 to 
29 percent of the cells had atleast one univalent (numbers not given). 

40* 
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Myers and Hi (1942) found 0 to 27.3 univalents per 100 cells at 
metaphase among 20 open-pollinated plants, but they selected for ana- 
lysis cells with no trivalents. Inbreeding for one generation increased 
the frequency of univalents two or three times in all families (MYERS 
and Hixx 1943), but even some of their non-inbred material had a 
much higher frequency of univalents than the natural tetraploids 

studied by me. How- 
Table 7. Mean trivalents and univalents per 100 cells ever, the enormously 
higher frequency of tri- 
valents and univalents 





4n Sub- Stra, Trivalents Univalents 


species 





in 





“ No y ¥ 
hybrid Diak. | Meta. Diak. Meta. 

pai in most of the induced 

l 585 | 6.88 | 26.87] 20.62] 62.92  tetraploids than in the 

a 634 4.35 | 15.94] 27.83 56.52 natural ones with which 

jn 636 | 11.99 | 19.12] 39.54 69.48 they were compared 


8m 635 | 12.44 | 24.63 | 49.74 93.38 





ixt | 637 | 23.44 | 29.95 | 112.44 | 10920 (Table 7) is probably a 
sm Xl 638* | 38.46 | 40.28 | 100.00 | 126.39 real difference. Six to 

g |538,540} 0.00] .... OD0- |e ccs. and 8 to 15 times more 
101 0.00 | 3.08 0.00 6.15 univalents were found 





g 
239 | 1.00| 0.00] 3.41 0.00 , : 
h Ss ae eee es Geena in the induced than in 
h 508 3.57 0.81 8.81 5.69 the natural tetraploids. 
h 5457 | 3.75 |13.33| 625 | 13.33 imp. differences were 





qm 1 eso | 000| 297] 531 | soi 8feat enough that no 
statistical tests were 


Total induced ssp.j 10.40 | 23.04] 38.54 73.54 e 
Total. poe ats needed. Among the in- 
hybrids 16.70 | 31.72] 67.48] 109.14 duced tetraploids, two 


iis rt 1.77| 1.68] 4.75] 6.61  ° the hybrid types had 
. slightly more trivalents 

a 638-1 and 4 omitted. : 

b Includes some cells with 27 chromosomes. and univalents than 

c 6140 omitted. did the non-hybrids. 

The group differences 
between hybrids and non-hybrids were tested by variance analysis 
and found to be statistically significant at metaphase but not at 
diakinesis (McCoLttuM 1958). The different results for the two stages 
were perhaps caused by peculiarities of the data, e.g. some plants not 
represented in both analyses, unequal sample sizes, and differences 
between dates of fixation not controlled here. 

3. Chromosome distribution at first anaphase. Previous work in natural 
tetraploid Dactylis glomerata has shown that chromosome distribution 
to the daughter nuclei at first anaphase of meiosis is equal (14-14) 
in most cells and gives rise to a high proportion of euploid gametes. 
Lagging and dividing univalents are not common. Minrzine (1937) 
scored the chromosomes in 8 out of 65 cells in plants of Skandia II and 
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Altai as separating 13-15, 13-1-14 or 13-2-13, a total of 12.3% irregular 
divisions; five and four cells per 100 in the two plants had one or two 
dividing univalents. Myxrrs (1943) reported 13 cells among 520 (2.5%) 
in which chromosomes were distributed 13-15, the rest 14-14. Myzrrs 
and Hixx (1942) found significant differences among plants in percent 
of first anaphase cells with laggards, ranging from 1.7 to 34.0%. Lag- 
gards at anaphase were correlated with univalents at metaphase in 
20 open-pollinated plants (r = 0.72*) and in 7 inbred families (r = 0.95**) 
according to Myers and HIxu (1942, 1943). In view of this correlation 
and the great differences between induced and natural tetraploids in 
univalent frequencies at metaphase, it is not surprising that great 
differences were found also in frequency of unequal chromosome dis- 
tribution and of lagging and dividing univalents at anaphase (Table 8). 
There were 3.6% abnormal divisions in the natural tetraploids compared 
with 52.6% in the induced ones. 


Table 8. Distribution of chromosomes at first anaphase 


















































Prine Plant Cells with distribution tether eee Total 

or. No. zi (1—6- (%) cells 
hybrid 14—14 13—15 12—16 11—17 Cell) 

1 585-9 46 25 2 2 3 41.0 78 

jn 636-17 33 1l ee 16 48.4 64 

sm 635-13 24 4 * 14 42.9 42 

axl 637-10 35 24 3 34 63.6 96 

sm X1] 638-3, 8 20 31 7 8 69.7 66 

lxjn | 639-6 49 32 6 4 46.2 91 

g 101-4 139 7 2 6.1 148 

m 239-5 104 1 1 1.9 106 

h 301-1 49 ais vay 0.0 49 

h 508-2 96 1 1 2.0 98 

h 5457-8 29 “ts a 0.0 29 

g Xm | 6137-2 97 5 1 5.8 103 

Total 6 induced 207 =| 127 22 2 79 52.6 437 

Total 6 natural 514 | 14 i ne 5 3.6 533 


4. Cytological abnormalities. The anthers in some panicles of the 
induced tetraploid sm x 1 638-4 contained cells with large numbers of 
unpaired chromosomes at diakinesis and metaphase of meiosis — as 
many as 26 univalents in some cells. Samples of cells from other panicles 
of the same plant had nearly normal chromosome pairing. At diaki- 
nesis — the earliest stage studied — many univalents, some bivalents, 
and rarely, quadrivalents were observed (Fig. 13). At metaphase the 
univalents are scattered throughout the cell (Fig. 14); later most of 
them become oriented at the equatorial plate and divide equationally 
at first anaphase after the bivalents have separated. An 11-11 separa- 
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tion accompanied by the division of the remaining 6 univalents is shown 
in Fig. 15. 

Extreme asynapsis is not typical of tetraploids from the hybrid 
sm Xl, because other plants of this combination, and actually other 
panicles of this same plant, were normal. One must consider the pos- 
sibility that the asynapsis in this plant is merely an extension of the 
moderate pairing failure found in all the induced tetraploids. Recent 
tetraploidy, particularly combined with hybridity and its accompanying 
chromosomal unbalance, may have made chromosome association more 
susceptible to external influences on pairing and chiasma formation. 
As an alternative, perhaps the asynapsis-causing property of colchi- 
cine (cf. BARBER 1942; VaaRaMA 1949) lasting over a substantial period 
of time (LEVAN 1939)'is responsible. Or even a gene- or chromosome- 
mutation controlling chromosome pairing might have been produced 
by the colchicine in one sector of the plant, since colchicine appears 
to be mutagenic (HaRPSTEAD, Ross and FRANZKE 1954). The problem 
of asynapsis has recently been reviewed by GauL (1954). Reference 
should also be made to papers of BRown and MENZEL (1954) and Prak- 
KEN (1948). 

Chromosome irregularity of another kind, aneuploidy, also occurred 
in the first colchicine-induced generation tetraploids. Microsporocytes 
in tetraploid sectors of sm x | 638-1 had only 27 chromosomes (Fig. 12), 
while the diploid sectors had the expected 7 bivalents. A few micro- 
sporocytes of 638-4 also were interpreted as having 27 chromosomes, 
as were half the cells examined of I x jn 639-9. 


III. Fertility 


Fertility data were obtained for all diploids and tetraploids grown 
in the winter greenhouse. Estimates of the mean percent of florets 
with well-developed caryopses and of normal-staining pollen are listed 
for each subspecies or hybrid in Table 9. The number of determinations 
for seed set averaged about 2.5 samples per plant and 3 plants per 
strain; for pollen, 5 samples per plant and 3 plants per strain. The 
induced tetraploids were compared with the diploids and with the 
natural tetraploids in two separate variance analyses. (For variance 
analysis tables, see McCoLtLum 1958.) Each plant in one analysis was 
either diploid subspecies, induced tetraploid subspecies, diploid hybrid, 
or induced tetraploid hybrid. Each plant in the second analysis was 
either induced tetraploid subspecies, induced tetraploid hybrid, natural 
tetraploid subspecies, or natural tetraploid hybrid. In all cases but 
one, there were statistically significant differences, at the 5 or the 1 % 
level of probability, between plants within strains and between strains 
within groups. A significant variance ratio for groups was obtained 
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Figs. 10—15. Photomicrographs of meiosis. 10 Diakinesis in induced 4n 1 xjn 639-6 

cell with 5 quadrivalents + 4 bivalents. 11 Diakinesis in induced 4n i x1 637-10 ceil 

with 6 quadrivalents + 2 bivalents. 12 Diakinesis in induced 4n sm x 1 638-1 aneuploid 

cell with 4 quadrivalents + 1 trivalent + 4 bivalents. 13—15 Asynaptic induced 4n 

sm x 1 638-4 showing cells at diakinesis, first metaphase with 6 bivalents + 16 univalents, 
and first anaphase with an 11-11 distribution + 6 dividing laggards (880 x ) 
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only for seed set in the diploid-tetraploid comparison, caused by the 
consistent decrease in seed set which occurred with chromosome doub- 
ling. That induced autotetraploids are less fertile than the diploids from 
which they were derived is the usual experience in studies of induced 

polyploidy. 
Chromosome doubling lowered seed set as much in the diploid 
hybrids as it did in the diploid subspecies. Although the mean seed 
set of all the natural tetra- 





Table 9. Seed set and. pollen fertility ploids taken together 
Mean % Mean % (16.95%) was higher than 
seed set good pollen 


Subspecies 


I that of the induced ones 
or hybrid 


Diploid) Toy | Diploid} Tog, —-« (8.77%), which might be 
expected in view of the 














lusitanica 21.1 | 11.4 | 89 82 lower frequencies of uni- 
ibizensis 30.1 2.3 93 92 d 1 chro- 
smithii 84 | 33 | 76 | 81 meen oP peste me 
juncinella |19.9 | 10.0 | 89 91 mosome distribution in 
x1 25.2 8.2 83 83 the former, the difference 
sm <1 34.3 {11.9 | 91 78 was not statistically signi- 
Lx jn 22.8 |_3.0 | _78 88 ficant because only the 
Mean 4 ssp. 19.37 8.01 88.3 83.3 hispanica types and the 


Mean 3 hybrids | 27.82 | 9.48] 82.1 | 80.1 f : 
Mean 7 strains | 24.09| 8.77] 85.3 | 82.2 9x™ Bs brid — 
glomerata-101 11.9 72 i. i Fee. oe ee 











arti 2.9 71 seed fertility of the mari- 
hispanica 39.2 89 tima and glomerata plants 
g Xm 21.3 88 is not necessarily typical 
(«x m) (8.4) (85) of these two strains and 
Mean 3 ssp. 16.30 78.2 


could have been caused by 
Mean 4 natural : ; 
tetraploids 16.95 80.4 an unfavorable reaction to 
winter greenhouse condi- 
tions or by low pollen concentration in the air when these plants were 
flowering. Even some of the diploids had poor fertility as compared to 
other fertility data obtained for these same strains under spring greenhouse 
conditions (STEBBINS and ZoHaRY 1958; STEBBINS pers. comm.). As 
a group the diploid hybrids had a slightly but not statistically signi- 
ficantly higher seed set than the diploid subspecies (27.82 versus 19.37%); 
the difference between induced tetraploid hybrid and subspecies is even 
less (9.48 versus 8.01%). Reviews and discussions of pollen and seed 
fertility in induced tetraploids and the relation of fertility to the auto- 
ploid versus alloploid classification of polyploids are to be found in the 
works of ARMSTRONG (1950), Davis (1955), Erast1 and Dustin (1955), 
MUtnvrzine (1936, 1937), ParTHASARATHY (1953), Popr and Love (1952), 
RAMANUJAM and PaRTHASARATHY (1953), Sears (1941), STEBBINS 
(1947, 1949, 1950, 1956a) and SwaminatTHaN and Howarp (1953). 
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D. Discussion 
I. The Question of Structural Differentiation of the Chromosomes 


The association of four chromosomes as two bivalents rather than 
as one quadrivalent may be extremely sensitive to the presence of small 
structural differences between the sets of two (SkirM 1942). One cyto- 
logical criterion for assuming the presence of small-scale structural 
differentiation has been the occurrence of lower quadrivalent frequencies 
in hybrid tetraploids than in related pure autotetraploids (STEPHENS 
1950). Although some workers, for example BELL and Sacus (1953), 
in their study of amphidiploids in the T'riticinae, have not been able 
to confirm the view that multivalent formation in an induced tetra- 
ploid is a more critical index of homology than bivalent pairing in 
the undoubled hybrid, the criterion of quadrivalent frequencies has 
provided a basis for speculation in some instances. Myrrs and Hin. 
(1943) suggested that decreased chromosomal differentiation resulting 
from inbreeding could have contributed to the increase in quadrivalent 
frequency found by them in two inbred families of cultivated Dactylis. 
TyEnGaR (1944) found fewer quadrivalents in induced tetraploids of the 
hybrid Gossypium herbaceum x G. arboreum than in tetraploids of the 
parent species. SWAMINATHAN (SWAMINATHAN and Howarp 1953) found 
the same to be true among induced tetraploids of species and hybrids 
of Solanum, as did Oxa, HsHex and Huane (1954) in tetraploid rice 
varieties and hybrids. In Dactylis, comparisons of this type have not 
been reported up to now. Among the three possible comparisons of 
hybrid induced tetraploids with the corresponding non-hybrids in this 
study, no good evidence for preferential pairing was obtained, although 
4n ibizensis x lusitanica had slightly fewer quadrivalents than tetra- 
ploids of its two parents. 


When large structural changes are present, smaller cytologically- 
undetectable ones may also be suspected. Hanson and HI (1953) 
reported that quadrivalent frequency was unusually low in offspring 
of a glomerata plant known to have a translocation. Similarly, of the 
five induced tetraploids from the diploid hybrid Jusitanica x judaica 
reported by StrBBins (1956a) to have mean numbers of quadrivalents 
lower than normal (1.07 to 1.62 per cell), four were derived from diploid 
hybrids which were partially sterile and heterozygous for at least one 
reciprocal translocation produced by X-irradiation of the judaica pollen 
in the original cross. Because the fifth plant, derived from a diploid 
hybrid which was fertile and had normal bivalent pairing, also had a 
low quadrivalent frequency, the suggestion was made that there were 
already structural differences between Jusitanica and judaica. This 
fifth plant, however, also arose from irradiated judaica pollen, so that 
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one cannot be certain that the low quadrivalent frequency of the tetra- 
ploid is independent of the effects of X-rays. In this connection a tetra- 
ploid plant, jd x1 6106-6 (Table 1), of non-irradiated origin has since 
been studied in which the mean number of quadrivalents per cell was 
found to be 3.59. 

One additional technique has been applied to this question of struc- 
tural differentiation. It seems reasonable that by demonstrating the 
presence of intra-genome (inter-chromosome) differences in degree of 
chromosome differentiation between subspecies, the assumption of inter- 
genomic differentiation between subspecies is supported. Such a de- 
monstration was sought in Dactylis by testing for different frequencies 
of quadrivalent formation (or preferential pairing) among the seven 
sets of four homologous chromosomes in the hybrid induced tetraploids. 
However, from the evidence that even in these tetraploids (as well as 
in the non-hybrids and natural ones) the frequencies of cells with the 
various possible numbers of quadrivalents are. binomially distributed, 
there is reason to believe that the probability of quadrivalent formation 
is the same for each set of four chromosomes. Therefore, until contrary 
evidence is obtained, perhaps from cytological studies of tetraploids from 
diploid hybrids between the most extreme morphological and ecological 
types, differentiation between the diploid subspecies of Dactylis must 
continue to be viewed as based mainly on gene mutation rather than 
on changes in chromosome structure. 

The presence of more univalents in two of the induced tetraploid 
hybrids than in the induced tetraploid subspecies could be interpreted 
as caused by small chromosome differences between the diploids. It 
is, however, also reasonably interpreted as evidence of disturbed cellular 
physiology caused by gene disharmonies present in the diploid hybrids 
and aggravated by chromosome doubling. The occurrence of univalents 
in amphidiploids from interspecific and intergeneric hybrids of T'riticum, 
Agropyron and related genera (ASHMAN and BoyLE 1955; PopE and 
Love 1952; Szars 1941) and in F,’s of interspecific Poa hybrids (GRUN 
1955) has been explained in terms of physiological upsets due to hybri- 
dity, disharmonious gene interaction, etc. : 


II. Induced versus Natural Tetraploid Comparisons 

The low fertility in new autopolyploids is a well-known but poorly 
understood phenomenon (E1astr and Dustin 1955). Possible causes 
which have been suggested include unequal disjunction from multi- 
valents, other meiotic irregularities including lagging univalents, spe- 
cific genetic control, and disturbance in a balanced system of gene 
interactions (see discussions by ARMSTRONG and RoBERTSON 1956; 
Mitntzine 1936; RamanusaM and ParRTHASARATHY 1953). The series 


























Chromosome pairing in tetraploid Dactylis 597 


of studies by Myrrs and Hixt (1942, 1943) and Myrrs (1943) convinced 
these workers that the presence of quadrivalents was not contributing 
significantly to variations in the fertility of natural Dactylis glomerata, 
but that unpaired chromosomes. at first metaphase which lagged at 
anaphase were correlated with and contributed to lowered fertility even 
though they might not be the chief cause. It is possible, of course, that 
low fertility and unpaired chromosomes are two independent symptoms 
of genically unbalanced cellular physiology rather than of chromosomal 
non-homology. 

The fertility data collected in the present work are difficult to inter- 
pret. The differences in pollen abortion are small and follow no obvious 
biologically significant pattern. The induced tetraploids have poorer 
seed set than the diploids. It was expected that they would also be 
less fertile than the natural tetraploids, because they have had no 
opportunity to be selected for fertility. If they are compared only 
with the most fertile natural tetraploids, namely hispanica, this is 
indeed the case. However, the low fertility of glomerata and maritima 
in the samples studied cannot be ignored unless it is known that the 
conditions causing this poor seed set are not the same as the ones causing 
poor seed set in the induced tetraploids. 

Covariation statistics for fertility and the meiotic phenomena were 
not computed. One obvious association however, whether or not 
accidental, is that hispanica types, with the lowest mean numbers of 
quadrivalents (Tables 1 and 2), had the highest percent seed set (Table 9). 
But although all che natural tetraploids had consistently fewer uni- 
valents and more regular chromosome distribution than the induced 
tetraploids they were not consistently higher in fertility. Myrrs and 
Hitt (1943) reported negative correlations between univalents and 
fertility in inbred families of D. glomerata. It is possible that in the 
present study sub-optimum environmental conditions for pollination 
and seed development have prevented the expected meiotically-deter- 
mined differences in fertility to be clearly expressed. Finally, since 
the hybrid induced tetraploids were as fertile as the non-hybrid ones, 
there is no reason on the basis of fertility to prefer one type over the 
other as a more likely progenitor of natural orchard grass. 

The causes are not clear why the chiasma frequencies at diakinesis 
and first metaphase are generally lower and the trivalent and univalent 
frequencies higher in the induced than in the natural tetraploids. The 
three meiotic phenomena are of course related to each other and to 
the frequencies of lagging and dividing univalents at first anaphase 
and of unequal distribution of chromosomes to the poles: MyERs and 
Hix (1943) reported highly significant negative correlation coefficients 
of chiasmata with metaphase univalents (—0.83) and with anaphase 
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univalents (—0.74) in two inbred progenies. The present paper is the 
first report of the differences in pairing between induced and natural 
tetraploid Dactylis, although Myrrs (1945) compared induced auto- 
tetraploid Lolium perenne (x=7) with natural D. glomerata. In that 
case, the mean numbers of quadrivalents in Lolium (2.92 to 4.83 per cell) 
were similar to Dactylis and were correlated with chiasma frequency 
(r=0.517*). Most notable among the meiotic irregularities in this 
Lolium material was the unequal distribution of chromosomes at first 
anaphase: of 40 cells examined, only 52.5% were 14-14; the rest were 
15-13 or 16-12. Although the frequency of trivalents: was low, the 
frequency of cells with univalents varied in different clones from 17.3 
to 51.8%, with commonly two or more univalents per cell; 17.3 to 
95.2% of cells at first anaphase had laggards which usually divided 
equationally. Myrrs ascribed the irregular distribution to unequal 
disjunction from the quadrivalents and suggested that the more com- 
plicated types of quadrivalents and less terminalization of chiasmata 
in Lolium than in Dactylis could be responsible for the greater irregu- 
larity in Loliwm. In the present comparisons of induced and natural 
tetraploids within Dactylis, however, this explanation cannot be held, 
as there seem to be neither qualitative nor consistent quantitative 
differences between the two groups in the formation of quadrivalents. 
The poorer pairing in the induced tetraploids is possibly caused by the 
action of the colchicine (1) directly on the cellular physiology, (2) in 
producing chromosome or gene mutation or (3) in chromosome doubling 
per se, with resulting unbalance of a mechanical, physiological or genetic 
nature. 


III. Improvement of Meiotic Regularity in Autotetraploids 


As discussed by Minrzine (1936) and ANDERSON and Sax (1936), 
the maintenance of the euploid chromosome number and thus of fer- 
tility in experimental autotetraploids and of natural tetraploid races 
will depend in part on (1) bivalent pairing, (2) regular chromosome 
distribution from quadrivalents because of complete terminalization 
and zig-zag orientation, or (3) elimination of gametes and zygotes with 
aberrant chromosome numbers. The irregularities in colchicine-induced 
Dactylis tetraploids have significance to the extent that aneuploid 
gametes are viable and lead to a high frequency of aneuploid offspring. 
This may be no serious handicap to the use of these plants in breeding 
programs, although Mtnrzine (1937) found aneuploids in general to 
be less fertile and vigorous than euploids. More serious is the consider- 
able nuisance value of aneuploidy in other types of genetic study in- 
volving these new autotetraploids. 
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Some works reported in the literature indicate that chromosome 
behavior may be changed by selection. Possibly selection has occurred 
to lower the quadrivalent frequency in the hispanica plants studied. 
GILLES and RaNnDoLpH (1951) reported that the mean quadrivalent 
number in autotetraploid maize selected for vigor and fertility over 
a period of ten years decreased from 8.47 to 7.46 (maximum 10). Povt- 
LAITIS and Boyes (1956) found fewer first metaphase univalents and 
abnormal sporocytes at first anaphase and_ telophase in~the sixth col- 
chicine-generation (C,) of Merkur variety autotetraploid red clover 
than in the C, and C, generations of Dollard variety, and fewer of these 
irregularities in the C, than in the C, of Dollard. In tetraploid rye (Secale 
cereale), PLARRE (1954) claims to have improved fertility and meiotic 
regularity, i.e. more bivalents and fewer quadrivalents, in one generation 
of selection for “regular” meiosis. BREMER and BREMER-REINDERS 
(1954), selecting for fertility in tetraploid rye over a period of six gene- 
rations from the C,, observed an increase in equal first anaphase distri- 
bution of chromosomes — 50% 14-14 in C,, 75% in Cg. The frequency 
of laggards in C, was only a third of that in C,. Similar improvement 
was observed in regularity of second metaphase and tetrad stage. 
HitPert (1957) succeeded in increasing meiotic regularity, ie. more 
bivalents, fewer ring quadrivalents, trivalents and univalents, in tetra- 
ploid rye by selecting for vigor and high seed set during three genera- 
tions. One generation of selection for regular meiosis had only negli- 
gible effect, although the frequency of zig-zag quadrivalents may have 
been increased slightly. On the other hand Minrzine (1951) concluded 
from comparisons of several tetraploid varieties differing in number 
of years selected for fertility that this selection had little or no effect 
on chromosome pairing. Similarly Morrison’s (1956) comparison of 
the rye varieties Tetra Petkus 1951 and T. P. 1954 showed only a 
slightly lower frequency of quadrivalents and unequal first anaphase 
chromosome distribution in the latter. 

To the extent that fertility in autotetraploids depends on regular 
meiosis and equal chromosome distribution rather than on specific 
genetic factors, one would prefer a maximum of bivalents and/or zig- 
zag quadrivalents from which disjunction is equal and a minimum of 
ring quadrivalents, trivalents and univalents (HILPERT 1957). In other 
words it is not necessary to have all bivalent pairing, which is abnormal 
for an autotetraploid (Morrison 1956), if all the chromosomes not 
paired as bivalents occur as zig-zag quadrivalents. The suggestion of 
Morrison that one utilize asynaptic diploids from which to make 
tetraploids with a low chiasma frequency, and thus all bivalent pairing, 
should be tested but does not offer promise of success in Dactylis for 
at least two reasons. First, quadrivalent formation would probably 
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not be eliminated entirely. Chromosomes in the asynaptic Dactylis 
hybrid sm x 1638-4 still formed quadrivalents. In cotton, induced 
polyploids were just as asynaptic as the asynaptic F,’s (of Gossypium 
hirsutum x barbadense) from which they were produced, but in spite 
of only 46% of the chromosomes paired, quadrivalents and trivalents 
were present (BEASLEY and Brown 1942). Secondly, if unpaired chromo- 
somes are more important than quadrivalents in lowering fertility in 
Dactylis, as the work of Myers and Hit indicates, then a reasonably 
high chiasma frequency is desirable. In view of the correlations found 
between chiasmata, quadrivalents and univalents, selection for fewer 
quadrivalents caused by low chiasma frequency would lead to asynapsis 
and a higher frequency of aneuploid gametes. MyErs (1943) suggested, 
therefore, that selection for meiotic regularity should be based on 
simultaneous selection for decreased quadrivalents and increased chiasma 
frequency. 

As discussed previously, STEBBINS (1956a) has accomplished the 
reduction in quadrivalent pairing in tetraploids by structural alteration 
of the chromosomes of the diploids with X-rays. However, if gene 
transfers are being attempted, it may not be desirable to suppress 
quadrivalent formation by such means which reduce intergenomal 
pairing in the hybrid tetraploids (BEamisH, CooPER and Hoveas 1957). 


Summary 

Chromosome association and fertility have been studied in four 
diploid subspecies, three diploid subspecies hybrids, the induced tetra- 
ploids of these seven diploids, and several naturally-occurring tetra- 
_ ploids of the Dactylis glomerata complex. 

1. The seed set of the induced tetraploids was significantly lower 
than that of the diploids from which they were produced and of some 
but not all of the natural tetraploids with which they were compared. 

2. The mean numbers of quadrivalents per cell at meiosis in all 
the natural and induced tetraploids were typical of autotetraploids and 
within the range previously reported for Dactylis. Although statisti- 
cally significant differences were found between plants and between 
strains, the chromosomes of the hybrid induced tetraploids formed 
quadrivalents as frequently as did those of the non-hybrids. There 
was thus no evidence for preferential pairing and consequently no 
support for the hypothesis of structural differentiation of chromosomes 
between the diploid subspecies. 

3. Neither the hypothesis of structural differentiation of the diploid 
genomes, nor the suggested segmental allotetraploid nature of the 
natural tetraploids was supported by the cytological evidence that in 
all types of tetraploids examined, the frequencies within anthers of 
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cells with 0, 1, 2, . . . 7 quadrivalents were distributed binomially, 
consistent with the assumption that the probability of quadrivalent 
formation was uniform over all of the seven sets of four homologous 
chromosomes in a plant. Only the lower than usual quadrivalent 
frequencies in the hispanica plants examined, if proved to be typical, 
suggest progress toward diploidization in one form of natural tetra- 
ploid Dactylis. 

4. The induced tetraploids differed from the natural ones in having 
a slightly lower frequency of chiasmata and a much higher frequency 
of trivalents and univalents at diakinesis and first metaphase, which 
presumably would lead to a greater frequency of lagging univalents 
at first anaphase and to unequal distribution of chromosomes to the 
first telophase nuclei. Unequal anaphase distribution was found to 
be greater in the induced tetraploids than in natural ones. One probable 
consequence of this irregularity of importance to the further use of 
these experimental tetraploids is the frequent production of aneuploid 
gametes and offspring. It seems possible, however, that regularity of 
chromosome distribution may be improved by selecting for high fer- 
tility, high chiasma frequency and maximum formation of bivalents 
and/or zig-zag quadrivalents from which disjunction is equal. 
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Introduction 

Previously published micrespectrophotometric data have shown that 
treatments with kinetin alone, indoleaceticacid (IAA) alone, and especially 
with both substances together induce deoxyribonucleic acid (DNA) 
synthesis in excised tobacco pith tissue cultured in vitro (Patau, Das, 
and Sxooe 1957). The statistical significance of the effect of kinetin 
alone on DNA synthesis, however, was not very satisfactory (P = 0.03). 
A re-investigation has, therefore, been carried out. The autoradio- 
graphic method was chosen in order to compare in the same material 
the two most frequently used methods for the study of DNA synthesis 
in individual nuclei, namely autoradiography and microspectrophoto- 
metry of Feulgen dye. Because of their very different nature these 
methods provide a check on each other. Mosss and Taytor’s (1955a 
and 1955b) studies gave good correspondence between DNA synthesis 
as revealed by Feulgen dye measurements and by P*® incorporation. 

To obtain autoradiographs tritiated thymidine was used. Labeled 
thymidine is known to be utilized for DNA biosynthesis with practically 
no diversion of radioactivity to other compounds (see REICHARD and 
‘ Estporn 1951; FRIEDKIN ef al. 1956; Lu and Winnick 1954). Auto- 
radiographs by means of tritiated thymidine have first been described 
by Taytor et al. (1957). 


Material and Methods 
For the description of the plant material and methods of excision of pith tissue 
see Das, Patav, and Sxooe (1956). In the present study the pieces of pith were 
cut from a region, ca. 20 cm long, of the stem starting about 10 cm from the apex. 
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The tissue blocks were picked at random and cultured in groups of at least six in 
Petri dishes. Modified White’s nutrient solution was used as before with agar but 
also as a liquid medium. In the main experiments the medium was supplemented, 
before autoclaving, with tritiated thymidine and, except for controls, with IAA 
(2.0 mg/l) or kinetin (0.5 mg/l) or with both. The quantity of thymidine had been 
computed to give activities of about 0.2 uc/ml in liquid medium and 0.9 yec/ml 
in agar. 

In the case of liquid medium each Petri dish (10 cm) contained four layers of 
lens paper thoroughly wetted with 2 ml of solution which was replenished daily 
with 1 ml of the same solution. In the case of agar medium the amounts were 
12 ml per 5cm Petri dish and 24 ml per 10cm dish. All cultures were kept in 
diffuse light at room temperature of about 24°C. Samples were collected over a 
period of six days and fixed in 1:3 acetic alcohol for one day. 

Microtome sections, 50 « thick, were used exclusively. All were stained by the 
Feulgenproc edure described by Patav et al. (1957), except that a different batch; 
of basic fuchsin was employed (National Aniline Division; dye content 93% 
certification No. NF 64). Two groups of slides were prepared from each tissue 
block; one for autoradiographs and the other for the determination of frequencies 
of mitoses and new cells (each cell counted by its nucleus) or for DNA measure- 
ments. In the present investigation nuclei were counted only in alternate sections. 
This permitted the scoring of cut nuclei without risk of listing the same nucleus 
twice. 

Autoradiographs were obtained (after Feulgen staining of the sections) by the 
stripping film technique of Dontacu and Pertc (1950)?. The films were exposed for 
seven days. The process of drying squashed the sections, softened by hydrolysis, 
sufficiently to bring virtually all nuclei very close to the film®. Under a 43x 
objective the vast majority of nuclei could be identified without any doubt as 
positive or as negative. However, some definitely positive nuclei produced notice- 
ably fewer silver grains than most nuclei with comparable Feulgen dye contents. 
It can be presumed that such nuclei were at a fairly early stage of DNA synthesis. 
Slides from tissue cultured without tritiated thymidine showed only the general 
background of silver grains. 

DNA measurements by the microspectrophotometric two-wavelengths method 
were made in the manner described by Parav et al. (1957), except that different 
wave lengths were chosen. The purpose was to obtain stronger absorption by the 
Feulgen dye and, thereby, to reduce errors caused by non-specific absorption. 
Starting form 4,—5200 A, 4,=—4960 A was determined (for the procedure see 
Parav et al. 1957). 

In the present study DNA measurements were made only in an experiment 
in which IAA and kinetin were not used. From each of 18 tissue blocks 20 inter- 
phase nuclei (in one case 19) were randomly selected, 10 of which were measured 
in a first, the remaining ones in a second “run”, each run covering the whole ex- 
periment. The order in which these blocks were arranged in the first run was 
reversed in the second run as a routine precaution against systematic errors resulting 
from fading of the Feulgen dye. 

To test for fading 29 nuclei were re-measured after about 11 weeks. For each 
nucleus the ratio, ,/7., of the first by the second ‘‘replication” was computed. The 


1 The tritiated thymidine was purchased from Schwarz Lab. Inc.; specific 
activity: 118 mc/m.mole; stock solution: 220 uc/ml; radiochemical purity: 55%. 

2 The authors wish to thank Dr. W. Piaut for help with this method. 

3 This does not hold true for slides which had been made permanent after the 
Feulgen staining. 
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mean of the 29 ratios, 1.005 + 0.033, does not indicate any fading. In our previous 
measurements considerable fading had been observed which for an 11 week period 
amounted to a ratio of 1.03225'/:= 1.190 (cf. Parav et al. 1957). Since the latter 
value was derived, by interpolation, from the ratios y,/y. of 571 nuclei its standard 
error must be much smaller than that of 1.005. The difference (1,190—1.005) is, 
therefore, highly significant. It can doubtlessly be ascribed to difference in the 
two batches of basic fuchsin used, because the procedures for making the Feulgen 
solution and the Feulgen stained slides were the same and the slides were kept 
in the refrigerator in both studies. 

In a previous investigation of the mitotic rate (Das et al. 1956) considerable 
biological variation between tissue blocks had been found. In the present material 
a similar, highly significant, variation in the frequency of DNA synthesis was 
evident in the data from autoradiographs as well as from DNA measurements 
(Table 1). For tests of significance the frequency of radioactive nuclei per block 


Table 1. Biological variation in the incidence of DNA synthesis: autoradiographic 
and microspectrophotometric data 
























































Control, 2 days 
Kinetin, 6 days 
Without H*-thymidine | With H*-thymidine 
Number of scored nuclei per tissue block 
Radioactive DNA content DNA content 
Total Total Total 

+ —_ <27.86*| >27.86 <27.86*| >27.86 

45 163 208 15 5 20 9 10 19 

91 136 227 1l 9 20 6 14 20 

99 126 225 13 if 20 17 3 20 

94 127 221 13 7 20 11 9 20 

35 49 84 5 15 20 4 16 20 

8 12 20 12 8 20 
364 601 965 65 55 120 59 60 119 
yi = 30.0; P=5 x 10-8 42 =13.9 y? = 21.2 
io — 35.1; P=10- 


* 27.86 = 4 C 2. 


was transformed into arc sin /percentage to render mean and variance independent 
(SnEDECOR 1946, Table 16.8). The term “‘average frequency”’ of radioactive nuclei 
in several tissue blocks will henceforth refer to the percentage derived, by the 
inverse transformation, from the mean of the transformed values. In the case of 
DNA measurements the statistical tests were performed with the geometric mean 
of the DNA contents of 20 (19) nuclei per tissue block (cf. Patav et al., p. 958,1957). 


Results 


A. Tests of methods 
Sections from tissue blocks which had been treated with tritiated 
thymidine were digested with 0.5 mg/ml of deoxyribonuclease (dissolved 
in Mcllvaine’s buffer, pH 6.7, with 0.003 M of magnesium sulfate) for 
4 to 6 hours at ca. 38°C. This abolished the Feulgen stainability and the 
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tadioactivity of nuclei (both checked in control slides) which shows that 
in the fixed material the tritium was present only in the DNA. SavacrE 
and PLavT (in the press) made the same observation in onion root tips. 

As stressed before, virtually all radioactive nuclei stand out strik- 
ingly in the autoradiographs while all other nuclei give no indication 
of being radioactive (Fig. 1 above). This suggests that the retained thymi- 
dine has been incorporated only during DNA synthesis. The absence 
of appreciable turnover of thymidine or exchange of hydrogen atoms 
was further borne out by the following experiment performed with 
tissue blocks not treated with IAA or kinetin, It will be shown below 
that in such “control” tissue many nuclei underwent DNA synthesis 
during the first two days but few, if any, thereafter. Sixteen tissue 
blocks were treated for two days with tritiated thymidine, six were 
then fixed while ten were transferred to medium containing. 10 mg/l 
of unlabeled thymidine (a much higher concentration than that used for 
tritiated thymidine). Five blocks were fixed after two and five after 
two more days on this medium. The average frequencies of radioactive 
nuclei in the three samples were 20.6%, 21.5% .and 23.5% respectively 
(transformed values: 27.0+4.4, 27.6+2.7, 29.0+2.4). This close 
agreement precludes any appreciable turnover or exchange in the 
present experiment. 

A statistical test was undertaken to check whether the presence of 
agar in the medium would influence the frequency of DNA doubling. The 


Table 2. Test for an effect of agar in the culture medium an the frequency of 
radioactive nuclei. 

In each ¢ase the t-test was applied to the difference between two means of trans- 

formed values: (2 tissue blocks from agar) — (3 tissue blocks from liquid medium) 





Duration of treatment in days 


















































1 2 6 
Treatment 
te >P——>32 te —> P-—>x2 ts —> P—+3 
Control . | +0.51 | 0.64 | 0.89 +0.36 | 0.74 | 0.60 | +1.08 | 0.36 | 2.04 
Kinetin . | —4.46 | 0.021 | 7.73 +0.89 | 0.44 | 1.65 | +0.77 |0.51 | 1.35 
IAA. . . | —0.76 | 0.50 | 1.39 +0.19 | 0.86 | 0.30 | +1.62 | 0.22 |3.03 
Kinetin 

and IAA | —3.29 | 0.047 | 6.12 +0.097 | 0.93 | 0.15 | —1.73 |0.18 |3.41 

48 16.1 2.7 9.8 
Ls 0.04 0.95 0.27 

wie = 12.5; P=0.71 


results shown in Table 2 do not indicate any such influence after two 

or six days of treatment. After one day the frequencies of radioactive 

nuclei seem to be lower in tissue cultivated on agar than in tissue from 
Chromosoma (Berl.), Bd. 9 4lb 
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Fig. 1. Autoradiographs of Feulgen stained nuclei. Above: positive and negative nuclei 
(TAA, 2 days); below: patch of new cells — all positive (IAA + kinetin, 6 days; the high 
density of the background is exceptional). x 515 
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liquid medium!. This difference, if real, might reflect a decreased 
frequency of DNA synthesis or merely a slower penetration of tritiated 
thymidine from agar into the tissue. 

The possibility that tritiated thymidine itself has an effect on the 
frequency of DNA doubling was tested by DNA measurements in 12 
control tissue blocks of which six had been cultivated for two days on 
agar medium with and six on agar without tritiated thymidine. The 
means (each of six geometric mean DNA contents) were 27.9 and 26.1 
respectively, with ¢,,—0.59 and P=0.57. This does not indicate any 
thymidine effect (see Table 1 in which the difference between 65:55 and 
59:60 is also insignificant). 


B. DNA synthesis in control tissue 
It has been mentioned above that DNA synthesis occurred in many 
nuclei in cultures without added kinetin or IAA. This was revealed by 
autoradiographs in two | 
independent experi- 20 | 
| 
| 





| ae 





ments performed about 
two months apart and 
with material from diffe- 
rent batches of plants. 
In one case about 21% 
ofradioactive nuclei were 
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found after two days, Pk © SY 96 ee eee eee 
and 27% after two more Ss t pe eee Contra! ie 
days (average from six i ] | 

tissue blocks each). In . ; _ 3 ; ; . 
the other case the fre- Time in days 


quencies were about 15% Fig. 2. Induction of DNA synthesis by 0.5 mg/l of kinetin, 
DRO 2 mgl of JAA, and both together. Ordinates correspond to 
after two day: 8, and 25% means and standard error limits computed from trans- 


after four more days formed values (see p. 608). Number of tissue blocks per 
. . point: 3 at?/, and 1 day (except 2 for kinetin at */, day), 
(five tissue blocks each ? all cultured on liquid medium; 3 blocks grown on liquid 


Fig. 2). An analvsis of mediumand 2 grown on agar at 2 and 6 days (for justi- 
A h a h fication of pooling see p. 612). Mean number of nuclei 
variance showed that scored-per block: 226 


the differences between 

the result of the two experiments are insignificant. The indicated 

increase in the frequency of radioactive nuclei after the first two days 

was not significant even in the pooled data from the eleven blocks of 

tissue each at two and at four and six days (t,)=1.65; P=0.12). 
The occurrence of DNA synthesis within the first two days in con- 

trol tissue was confirmed by photometric DNA determinations. Measure- 


1 For this reason frequencies obtained from blocks grown on agar for one day 
have not been included in Fig. 2. . 
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ments of 20 (in one case 19) nuclei were made in each of six tissue 
blocks fixed on zero day, in six blocks after two days of culture with- 
out added tritiated thymidine, and six blocks cultured with tritiated 
thymidine (these last six tissue blocks were the same from which the 
above frequency of 21% of radioactive nuclei at two days had been 
obtained). As tritiated thymidine had no noticeable effect on the nuciear 
DNA content at two days (see above) the last two groups of values can 
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Fig. 3. Distribution of DNA (Feulgen) values of interphase nuclei (one ‘‘replication’’ each) 
in control tissue. Number of tissue blocks: 6 on 0 day and 12 at 2 days 


be pooled. Fig.3 shows three definite DNA classes which by com- 
parison with our previously published results (PaTau et al. 1957) can 
be identified as 2C, 4C and 8C. Because only one replication per nucleus 
had been determined the considerable scattering of the measured values 
around the class values does not necessarily indicate the presence of 
nuclei with genuinely intermediate DNA contents. The best fitting 
class values (in arbitrary units) at zero and two days are given by 
C=4.51 and C=4.94 respectively. This is an apparent increase of 
the same magnitude as that observed in the previous study (Patav et al. 
1957). It was then shown that this increase cannot be considered as 
real, but rather as a systematic error caused by an increase with time 
in non-specific absorption in cultured tissue. Therefore, all DNA values 
from two day samples were corrected by the factor 4.51/4.94 = 0.913. 
The mean of the geometric mean DNA contents (corrected) -from 12 
tissue blocks at two days was 5.5C, that of the six blocks on zero day 
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4.2C. The difference is significant (t,,=2.67; P=0.017), and would 
have been even more significant without the correction. 

Patav et al. (1957) gave a formula for computing the average number, 
s/n, of DNA doublings per nucleus from the geometric mean DNA con- 
tents at the beginning and at the end of a given period. The formula 
presupposes that no mitoses occur during that period. This condition 
was fulfilled since not a single mitosis has been observed in any control 
slide. Another condition, no DNA synthesis at the beginning and at 
the end of the period, was probably not strictly fulfilled but is quanti- 
tatively of no importance. In order to obtain an estimate not only 
of s/n but also of its accuracy, the formula was applied to each of the 


logarithms of the six geometric mean DNA contents, log 7%; at zero 
day, together with the logarithm of the over-all geometric mean from 
all 12 tissue blocks at two days: log y,= 1.382. Since this procedure 
makes no allowance for the variation of log y,, the standard error 
obtained in Table 3 most likely is an underestimate. Even so, the value 





Table 3. Computation of the average number, s/n, of DNA doublings per nucleus in 
control tissue during the first two days (see text) 








Block No. conics /ni t 
(0 day 4g log ¥ 100 (sep. keane Are sin Ve 
1 1.280 33.9 35.6 
2 1.190 63.8 53.0 
3 1.368 4.7 12.5 
4 1.250 43.8 41.4 
5 1.240 47.2 43.4 
6 1.329 17.6 24.8 














Mean: 35.1+ 5.9 
* log yo = 1.382. 


35.1+5.9 (5.d.f.) does not differ significantly from 25.0 +3.0 (10 df.) 
the mean of eleven transformed percentages of radioactive nuclei at 
two days. The results from the two entirely different methods are, 
therefore, in satisfactory agreement. An over-all estimate of the fre- 
quency of nuclei which had undergone DNA doubling during the first 
two days in control tissue is obtained as follows. The mean of the two 
transformed values (35.1 and 25.0) weighted by the inverted variances 
is 27.07. This corresponds to a frequency of 20.7%. 


C. Effects of kinetin alone 
Kinetin alone induced DNA synthesis during the first two days of 
treatment (Fig. 2). The slight increase in the frequency of radioactive 
nuclei during the next four days, while obviously not significant, par- 
allels that in control tissue. For a statistical test the deviations of the 
transformed percentages from the common regression at two and at six 
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days were pooled for the kinetin treatment and for controls. With 
ty, = 2.82 and P=0.012 the difference of about 15% between kinetin 
and control tissue is significant. 


D. Effects of IAA alone and of IAA and kinetin together 

The frequency of radioactive nuclei in tissue treated with IAA alone 
was considerably higher than that in tissue treated with only kinetin 
(Fig. 2). A similar difference was also indicated in the data of Patav et al. 
(1957). It is noteworthy that with IAA, in contrast to kinetin, there 
was still a highly significant increase in the frequency of radioactive 
nuclei during the period from two to six days. It is, however, possible 
that DNA synthesis in the presence of added IAA but without added 
kinetin did not continue through the whole period. 
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Fig. 4. Frequencies of mitoses and new cells as functions of the duration of treatments 
with IAA (2 mg/l) and/or kinetin (0.5 mg/l). Number of tissue blocks per point: 3 at 
1/, day, 5 at 1 through 6 days. Mean number of cells scored per block: 225 


During the first two days the treatment with kinetin and IAA to- 
gether had about the same effect on the frequency of radioactive nuclei 
as that with IAA alone. During the next four days, however, the com- 
bined treatment was much more effective than IAA alone (the difference 
between about 32% and 17% of non-radioactive nuclei is highly signifi- 
cant: Fig. 2) which also confirms previous findings (PaTav et al. 1957). 


E. Mitosis and cytokinesis 

The present observations (Fig.4) on mitosis and cytokinesis, in 
terms of recognizable new cells, are in good general agreement with 
previously published results (Das e¢ al. 1956). Again, not a single 
mitosis was found in tissue not treated with IAA regardless of the 
presence or absence of kinetin and only the combined treatment with 
IAA and kinetin continued to induce cell division leading to patches 
of embryonic cells. The great majority of nuclei in such cells were 
radioactive as expected (Fig. 1 right); the exceptions, 17 out of 414, 
may have been “old” cells misclassified as “new’’. 
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Discussion 

The results from tritiated thymidine incorporation and from Feulgen 
dye measurements, new as well as previously published ones (Patav et al. 
1957), support each other well. Both methods, each with distinct ad- 
vantages, are reliable tools for investigating DNA synthesis in individual 
nuclei. 

The specific purpose of the present investigation was to test once 
more the effect of kinetin alone on DNA synthesis. The statistical 
significance (P, = 0.03) of the previously observed effect was somewhat 
questionable (PaTav et al. 1957). The present results, with P, =0.012, 
confirm that kinetin causes a substantial increase in the frequency of 
DNA synthesis, in the present case by about 15%. Since the above two 
P-values were the outcome of independent tests of the same null-hypoth- 
esis a total measure of significance can be obtained as follows (FISHER 
1934): the two P-values (using for P, the more accurate value 0.033) 
correspond to 736.82 and 73=8.85 respectively. These add up to 
43 = 15.67 which yields P = 0.0035. 

The present results are also in good agreement with the previous 
ones (Pata e¢ al. 1957) in regard to the stimulation of DNA doubling 
by IAA alone and by kinetin and IAA combined. Differences in condi- 
tions such as the season and other factors affecting the plant material 
may readily account for minor discrepancies between the previous and 
present results. However, in one respect the latter differ rather sharply 
from the former. In the earlier study no significant DNA doubling was 
found in control tissue cultivated in the absence of added kinetin or 
IAA, this time it occurred in about 20% of nuclei during the first two 
days. 

Patau et al. (1957) considered it likely that some DNA doubling 
took place in pith tissue in situ and probably also in culture. There- 
fore, it would not have been surprising to find a few radioactive nuclei 
in control tissue. The presently observed frequency of such nuclei is, 
however, of a magnitude that would have shown up in the DNA meas- 
urements of the previous study had it existed. It is conceivable, but 
unlikely, that in that study both tissue blocks available as zero day 
control happened to be exceptional ones. Their geometric mean DNA 
content was 5.2C as compared with 5.4C in eight control blocks fixed 
from one through 3!/, days. In the present case the mean of six geometric 
mean DNA contents (each from a different block) on zero day was a 
mere 4.2 +0.26C as compared with 5.5C from 12 blocks fixed after two 
days. Most likely the frequency of nuclei in higher DNA classes in 
freshly excised tissue was generally higher in the old study than in the 
present one. This would indicate a difference in “physiological age” 
of the pith tissue which might account for the discrepancy. It should 
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also be mentioned that in the old experiments the tissue was cultured 
in darkness, but not in the present ones. Light has previously been 
shown to promote growth and differentiation in excised stem segments 
‘of tobacco (Scumitz 1951; Stone 1951), an effect which may be mediated 
through kinetin or kinetin-like substances in the tissue. 

It appears almost certain that DNA synthesis in about 20% of 
nuclei during two days in control cultures greatly exceeds the normal 
rate in situ, because with the demonstrated absence of mitoses this 
would rapidly have increased the frequency of nuclei in high DNA classes 
to unbelievably high levels. The occurance of DNA synthesis in many 
nuclei was doubtless brought about by the excision and/or by the culture 
conditions. However, the frequency of nuclei undergoing DNA synthesis 
was definitely increased by the added kinetin,. more so by IAA, and 
most effectively by both together. The present results, therefore, con- 
firm our previous findings (Patav et al. 1957) and fit into the scheme 
we proposed for the role of kinetin-like substances and auxins in the 
mitotic cyle. 

Summary 

Pith tissue was cultured on modified White’s nutrient medium supple- 

mented, except for controls, with 2 mg/l of IAA and/or 0,5 mg/l of 
kinetin. For autoradiographs sections were used from tissue grown on 
medium containing tritiated thymidine. 
_ Nuclear DNA contents (Feulgen) were measured by the micro- 
spectrophotometric two-wavelengths method. No fading of Feulgen 
dye in nuclei was found in 11 weeks, in contrast to considerable fading 
observed in earlier work when a different batch of basic fuchsin had 
been employed. 

Counts of radioactive nuclei in autoradiographs agreed well with 
microspectrophotometric results on the occurrance of DNA synthesis. 

In control cultures, with or without tritiated thymidine, DNA 
doubling took place in about 20% of the nuclei during the first two 
days but in few, if any, thereafter. - 

It was confirmed that kinetin, as well as IAA, increases the frequency 
‘of nuclei undergoing DNA synthesis. However, IAA, in contrast with 
kinetin, still induced considerable DNA doubling after two days. Con- 
tinued cell reproduction was maintained only in the presence of both 
substances. 
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—,— bei Dactylis in natiirlichen und 
colchicininduzierten Tetraploiden 
571—605 
—,— in EMZ und PMZ 498—504 
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Chiasmata, Frequenz, Kontrolle 176 bis 
184 

—, — bei Oswaldocruzia filiformis 66, 67 

—, —, Temperaturabhiangigkeit 218, 220, 
495, 496 

Chironomidae 142, 143, 147, 213, 441—483 

Chironomus 142, 143, 147 


— thummi (Strukturverinderungen an 
den Speicheldriisenchromosomen nach 
Réntgenbestrahlung von Embryonen 
und Larven) 441—483 

Cuizaki, Y. 30 

Chorthippus 40 

Chortophaga 40 

CHOUINARD, L. 236 

Chromatidenautonomie bei Banasa 193 
bis 215 

Chromatinstruktur in den Nahrzellen von 
Drosophila melanogaster 537—558 

Chromocentren, *S-Autoradiographie in 
den Speicheldriisen von Drosophila 
melanogaster 139—140 


Chromomerenbau haploider Leptotin- 
chromosomen von Antirrhinum 3 
Chromosomen, Aggregatbildung bei Blaps 
70—78 

—, — bei den Ostracoda 363—436 

—, AusstoBung aus der Spindel 25, 26 

—, Bau in den Nahrzellen von Drosophila 
melanogaster 537—558 

—,— der Riesenchromosomen auf Grund 
einer Partialbruchanalyse 476 bis 
480 

—, Bewegung nach Colchicinbehandlung 
im Leben 332—358 

—,— nach f-Bestrahlung 319—331 

—,— nach Hitzeschocks 216—228 

—,—, Meiose von haploidem Antirrhi- 
num 13—30 

—,—, Mechanismen 423—436 

—,— von Multivalenten 418—421 

—,— der Schenkel von Haemanthus 321, 
328 

—, — bei Univalenz 13—26, 61—66, 427 
bis 432 

—, Briiche, Auslésung durch Anaerobiose 

238—257, 514—536 

—,—,— durch Warmebehandlung 186 

—,— und Chromosomenbau 476—480 

—,— und Heterochromatin 305—318, 
466, 469—473, 530, 531, 533, 534 

—, —, Koinzidenz 568—570 
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Chromosomen, Briiche, Lokalisation bei 
Anaerobiose 238 —257, 514—536 
—,—,— bei chemischer und physikali- 
scher Mutationsauslésung 533, 
534 
und Mutationstyp 471, 474 bis 
476 
in den Speicheldriisenchromo- 
somen von Chironomus thummi 
456—471 
—,—-, Partialbriiche bei Polytanchromo- 
somen und Bestrahlungsalter 453 
bis 465, 476—480 
—, -—, Stabilisierung der Bruchflachen 
529, 530 
—, Briicken s. Anaphasebriicken 
—, Differenzierung in natiirlichen Tetra- 
ploiden 595 
—, elektrische Ladung 347, 348 
—, Fragmentation in der Evolution 210 
bis 214 
—, Fragmente (s. a. Chromosomenmuta- 
tionen) akinetische bei haploidem 
Antirrhinum 18—20, 24 
—, — réntgeninduzierte 312—314 
—, —, Verhalten in der Spindel 321—331 
—, Funktionsgruppen 283 
—, Individualitat 555, 556 
—, Kontraktion und Asynapsis 187 
und Chromosomenlinge 187 
und Cytoplasmabeschaffenheit 
191, 192 
und Kontakt von Chromosomen- 
abschnitten 189—192 
—,— und Nukleolus 56 
—,— und Nukleolusbildung 188, 189 
—,— und RNS 189 
—,— bei Scilla (unterschiedlicher Kon- 
traktionsgrad bei Warmebehand- 
lung) 185—192 
—, Lange und Mutationsrate 248—250 
—, — in PMZ und EMZ 501—503 
—,—, Variation (bei Macaca mulatta) 
168, 169 
—, Mutationen (s. a. Chromosomenbrii- 
che, -Fragmente, -Restitution, 
Inversionen, Translokationen) 
durch Anaerobiose 238—257, 514 
bis 536 
—,— durch 8-Athoxy-Kaffein 42, 49, 50 
—,— durch automutagene Substanzen 
255, 256, 530, 534 


’ > 


> ’ 


> 





621 


Chromosomen, Mutationen, durch Rént- 
genbestrahlung 39—57, 316, 441 
bis 483 
—, Paarung bei Haploidie 13—30 
—, — nach Hitzeschock 218—220 
—,— bei Tetraploidie (natiirliche und 
colchicininduzierte 4 n Dactylis) 
571—605 

—, Polymorphismus bei Drosophila sub- 
obscura 559—570 

—,— bei Zaprionus bogoriensis 161, 162 

—, Proteinfraktionen 141 

—, Reduktion s. Meiose 

—, Reproduktion und Briiche 531, 532 

—, Restitution und Heterochromatin 472 

—, —, praferentielle Verteilung 514—536 

—, Satz s. Karyotyp 

—, Spiralisation s. Chromosomenkon- 
traktion 

—, Streckung und Zugkrafte der Chro- 
mosomenfasern 421—423 

—, Struktur s. Chromosomenbau 

—, Substanzabgabe 261—268 

, iberzahlige bei Cyclocypris ovum 414 

—,— bei Oswaldocruzia 66 

—,— bei Zea mays 287, 288, 290 

Verteilung (s. a. Chromosomenbewe- 
gung) bei Antirrhinum (Meiose bei 
Haploidie) 13—30 

,»— bei Dactylis (natiirliche und col- 
chicininduzier tetetraploide Meiose) 
590, 591, 597 

— nach Hitzeschocks 216—228 

, Volumen und Kernvolumen 81—90 

, Zahl bei Banasa bidens schraderi 200 

—, — — calva 198 

—,— — centralis 2 

; dimitiata 197, 198 

—,— — euchlora 197 





—, — — lenticularis 198 
—,— — minor 200 
—,— — panamensis 196 


—,— — rufifrons 200 
— zeteki 202 
—, — bei 


Cyclocypris globosa 393 
—,— — laevis 393 
—,— — ovum 389 
—,— bei Cypria exsculpta 403 
—, — — ophthalmica 399 


—,-— bei Cypris compacta, dietzi, fo- 
diens, whitet 370 
—,— bei Macaca mulatta 164 


42* 





622 


Chromosomen, Zahl bei Oswaldocruzia 
filiformis 61 

—, — bei Physocypria kliei 407 

—, — bei Platycypris baueri 379 

—,— bei Scottia browniana 374 

—-, — Verdoppelung bei gleichbleiben- 
dem DNS-Gehalt 205—214 

—,— bei Zaprionus bogoriensis, ghes- 
quiérei, tuberculatus, vittiger 161 


Cuu, E. H. Y. 163 

Cuurcu, G. L. 572 

CuuRNEY, L. 348 

Cicindelidae 75, 76 

Ciara, M. 280 

Cuark, F. J. 225 

CLAUDE, A. 142 

CLausEN, J. 571 

clear zone 320, 321 

— — nach Colchicineinwirkung 336, 337 

— — und contraction stage 340 

c-Mitosegifte (s. a. Colchicin), Wirkungs- 

weise 91—105 

Coccoidae 212 

CoHEN, A. 348 

CoHEN, I. 55 

Colchicin, Anwendung zur Metaphasen- 
anreicherung 240 

—, — zur Polyploidisierung 574, 575 

—, Effekt auf Mitoseablauf (Lebendbeob- 
achtungen am Endosperm von 
Haemanthus) 332—358 

—,— auf Ruhekerne 333 

—, — auf Spindelbildung 336—339 

—, Wirkungsweise 91—96, 101—103 

Coleoptera 69—80 

Concer, A. D. 2, 52, 164, 240 

contraction stage 320, 321, 336 

— — nach Colchicinbehandlung 339, 340 

— — und Kernmembran-Auflésung 340 

Conway, B. E. 142 

CoorErR, D. C. 600 

Cooper, K. W. 67, 69, 265, 415 

Cooper, P. D. 163 

CoruetTE, 8. L. 146 

CornMaN, I. 333 

Crepis 255 

Crew, F. A. E. 493 

Crick, F. H. C. 52, 532 

crossing over s. Chiasmata 

Crovss, H. V. 40 

Crowe, L. 52 

Crustaceae 212, 359—440 
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Culex 236 

Cyclocypris globosa 360, 362, 392—393, 
407—-410, 412, 413, 428, 429, 434 

— —, Chromosomenzahl 393 

— —, Spermatocytenteilungen 392—393 

— laevis 360, 362, 393, 408—410, 412, 413 

— —, Chromosomenzahl 393 

—— —, Spermatocytenteilungen 393 

— ovum 359, 360, 362, 382—390, 392, 
399, 408—414, 422, 423, 428, 434, 
435 

— —, Chromosomenzahl 390 

— —, Spermatocytenteilungen 382—390 

Cyclops 325 

Cypria exsculpta 360, 362, 399—403, 408, 
411—414, 418, 419 

— —, Chromosomenzahl 403 

~- —, Spermatocytenteilungen 399—403 

— ophthalmica 360, 362, 373, 395—399, 
401, 406, 408, 411—413, 418—421, 
423, 434, 435 

—_— — , Chromosomenzahl 399 

~- —, Spermatocytenteilungen 395—399 

Cypridae 359—440 

Cypris compacta 360, 362, 370, 408, 
413—415, 418, 419, 421, 429, 434 

— —, Chromosomenzahl 370 

— —, Spermatocytenteilungen 370 

— dietzi 360, 362—370, 408, 413—415, 
418, 419, 421, 429, 434 

— —, Chromosomenzahl 370 

— —, Spermatocytenteilungen 363—370 

— fodiens 360—362, 370, 408, 413—415, 
418, 419, 421, 429, 434 

— —, Chromosomenzahl 370 

— —, Spermatocytenteilungen 370 

— whitei 360, 362, 369, 370, 408, 413 bis 
415, 418, 419, 421, 429, 434 

— —, Chromosomenzahl 370 

— —, Spermatocytenteilungen 370 

Cytheridae 361 

Cytoplasma, Einflu8 auf Chromosomen- 

kontraktion 191, 192 
CzrIka, G. 81 


Dactylis (Chromosomenpaarung in natiir- 
lichen und colchicininduzierten Tetra- 
ploiden) 571—605 

Daty, M. M. 141, 146, 147 

D’Amato, F. D. 40, 91, 256, 292, 332 

Dan, K. 1438, 416 

D’ ANGELO, E. G. 484 
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DANIELLI, J. F. 119, 142, 143, 153 
DaRLINGTON, C. D. 5, 10, 21, 24, 30, 32, 
39, 40, 42, 43, 52, 61, 62, 69, 70, 75—78, 
163, 173, 176, 183, 186, 192, 217, 221, 
224, 225, 229, 292, 298, 305, 441, 493, 
501, 506, 528, 533, 581, 584 
Das, N.K. 55, 606—617 (D., Patau 
and Sxooe: Autoradiographic and 
microspectrophotometric studies of 
DNA synthesis in excised tobacco 
pith tissue) 
Dasyneura 487, 488 
Datura 255 
Davin, J. 537 
Davipson, D. 39—60 (The irradiation of 
dividing cells I. The effects of X-rays 
on prophase chromosomes), 216—228 
(The effect of heat shocks on cell 
division) 302, 442 
Daviss, D. R. 67 
Daviess, H. G. 54 
Davis, A. M. 105 
Davis, E. W. 594 
Davison, P. F. 142 
DrMeEReEc, M. 147, 305, 471, 474 
Dendrocoelum 493 
Dermaptera 420 
Desoxyribonukleinsiure s. DNS 
DEUFEL, J. 53, 248, 249, 531, 533 
De Winton, D. 493 
Dretz, R. 359—440 (Multiple Geschlechts- 
chromosomen bei den cypriden Ostra- 
coden, Evolution und Teilungsverhal- 
ten) 
Differenzierung und Balbianiringe 115 
— und Polyploidie im embryonalenHarn- 
blasenepithel der Maus 105—118 
-— der Somakerne 115, 116 
Diptera 115 
Discocephalini 210 
Disjunktion 432, 579, 580 
DiSterano, H. D. 119, 144 
DNS,Gehalt der Kerne des embryonalen 
Harnblasenepithels der Maus 107, 
108 
—,— und Kerngré8e,106—168, 113, 114 
—, Konstanz bei Verdoppelung der Chro- 
mosomenzahl 205—214 
—-, Lokalisation in den Chromosomen 
141—143 
—,— im Nukleolus 144 
—, Synthese 556 
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DNS, Synthese, autoradiographische 

(Thymidin-H*) und mikrospektro- 

photometrische Bestimmung 606 

bis 617 

—,—, Wirkung von Indolessigsiure 

614—616 

—, —, Wirkung von Kinetin 613—616 

DoszHansky, Tu. 115, 415 

DoieEZaL-JAniscH, R. 81—90 (TscHEr- 
MAK-Wokss und D.-J.: Chromosomen 
und Kernwachstum in der Wurzel von 
Haemanthus) 

Dolycoris 67 

Dontacu, L. 607 

DorrzBack, C. 114 

Dounce, A. L. 141 

Dowrick, G. J. 217 

Drosera 225 

Drosophila 8, 55, 75, 119—159, 176, 161, 
.415, 441, 442, 471—474, 476, 477, 
479, 493, 537—570 

— melanogaster Autoradiographie (*°S) 
der Riesenchromosomen 119—159 | 

— — Entwicklung der Chromatinstruk- 

tur in den Nahrzellen 537—558 

— subobscura Chromosumenpolymorphis- 
mus und Strukturtypen 559—570 

Drosophilinae 160—162 

Du Bors, A. M. 41 

Dunn, L. C. 115 

Duplikationen (s. a. Chromosomenmuta- 
tionen) bei Antirrhinum 3, 4, 9, 19, 20. 
24, 31, 32, 34 

Dustin, P. jr. 332, 337, 594, 596 


Epa@ar, R. S. 69, 75, 78 

Erastt, O. J. 332, 594, 596 

Eliminationskérper, chemische Zusam- 
mensetzung 266 

— und Chiasmata 267 

—, Entstehung 266 

— bei Pediculopsis 265 

— bei Schmetterlingen 265 

— bei Sphaerocarpus donnellii 261—268 

— bei Trichoptera 265 

Ettiot, C. G. 578 

EmMEns, C. W. 121, 152 

Endbindungen 66, 67 

Endomitose, partielle 280 

Endverbindungen bei haploidem Antir- 
rhinum majus 8, 11, 30 

EnGeE., L. 249 

Enostrom, A. 143 
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Eremurus 78 

— himalaicus, meiotische Polarisations- 
stadien 505—513 

Ernst, H. 1—3, 5, 8, 10, 12, 13, 15—18, 
20, 22, 27, 35 

Estgorn, B. 606 

Eucypris 411, ‘412 

Euphyllopoda 212 

Euschistus 207 


Faumy, O. G. 52 

Farrcuibp, L. M. 2, 164, 240 

FAaNKHAUSER, G. T. 115, 116 

Fara, A. 119, 144 

Fawcett, Don W. 556 

Fre.t., H. B. 235 

Fertilitat natirlicher und colchicinindu- 
zierter tetraploider Dactylis 592—594, 
597 

Festuca x Lolium 225 

Ficq, A. 147 

Fisuer, R. A. 615 

Fixierungsartefakte der Chromatinstruk- 
tur 548, 558 

Fierorr, N. 105 

Foae, L. C. 265 

Foewitt, M. 4938-—504 (Differences in 
crossing over and chromosome size 
in the sex cells of Lilium and Fritilla- 
ria) 

For, H. 348 

fold back s. In-Sich-Paarung 

Forp, C. E. 53, 248, 249, 532, 533 

FRAENKEL-Conrat, H. 153 

Fragmente s. Chromosomenfragmente 

Francis, T. 114 

FRANZKE, C. J. 236, 592 

Frey-Wyss.tina, A. 153 

FRIEDKIN, M. 606 

FRIEDRICH-FREKsA, H. 32 

Fritillaria 40, 78 

—, Chiasmafrequenz in PMZ und EMZ 
493—504 

Fritz-Nieeui, H. 278 

Frotowa, S. L. 423, 474 

Fungivora 423 

Funktionsgruppen 283 


Gamasus 265 : 
GaRBER, E. D. 580, 589 
Gasteria angulata 225, 506 





GavL, H. 578, 592 

GauLDEN, M. FE. 332 © 

Gay, H. M. 54, 55, 142, 143, 147, 156, 
473 

GEITLER, L. 81 

Genomsonderung (s. a. reductional grou- 
pings, Reduktion, somatische) in der 
Rattenleber 274—276, 279—283 

Geschlechtschromosomen, multiple bei 

Blaps 69—80 

—,— bei den Ostracoda 359—416 

—, iiberzahlige bei Cyclocypris ovum 411 

—, — bei Ogwaldocruzia 66 

Gryer-Duszynska, I. 52, 442, 445—448, 
476, 479 

Guosu, C. 55 

Grispons, I. R. 556 

Gigs, N. H. 163 

Gites, A. 584, 599 

GuAss, E. 249, 269—285 (Aneuploide 
Chromosomenzahlen in den Mitosen 
der Leber verschieden alter Ratten), 
617, 521, 531, 533 

Guass, B. 474 

Guass, H. B. 474 

Globuline, Gehalt der Chromosomen 141 

GLUECKSOHN-SCHOENHEIMER, S. 113 

Godetia 25 

GoLpscuHMIpT, E. 212, 416, 559, 562, 563, 
564—566 

GoupsTEIn, N. O. 88 

Gossypium 595, 600 

Gorton, T. 95 

GorTTscHALK, W. 53, 305, 584 

GRABER, V. 444 

Grant, V. 578 

Grecory, P. W. 213 

GRIFFEN, A. B. 8 

Grunsere, H. 105 

Grun, P. 578, 584, 596 

GRUNDMANN, E. 280 

Gurnin, H. A. 69, 71, 75, 76, 78, 415 

Guna, A. 415 

Gustarsson, A. 53 


Habrobracon 52 

Happer, J. C. 91—104 (H. and WI- 
son: Cytological assay of c-mitotic 
and prophase poison actions) 

Haemanthus katharinae, B-Bestrahlung in 
Teilung befindlicher Endospermzellen 
319—331 
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Haemanthus katharinae Chromosomen- 
und Kernvolumenklassen 81 bis 
90 
— —, Mitoseablauf nach Colchicin- 
behandlung 332—358 
Haaa, T. 19, 298 
Harr, J. B. 429 
HAxansson, A. 25, 213 
Hapane, J. B. S. 181, 182, 493, 501 
Hatt, B. M. 581 
Hance, R. T. 278 
Hannah, A. 123, 152, 315 
Hansen, R. W. 537, 548, 552, 554—556 
Hanson, A. A. 572—574, 581, 583, 595 
Haploidie bei Antirrhinwm majus (Meiose- 
ablauf) 1—37 
Hague, A. 40, 163, 173 
Harnblasenepithel, Differenzierung und 
Polyploidie bei der Maus 105—118 
HarpsteaD, D. D. 592 
Harrineton, N. 40 
Harriss, E. B. 144 
Harte, C. 181, 578 
HASELWARTER, A. 224 
HasitscuKa, G. 81, 82, 88 
Havuscuka, T. S. 164 
Havas, L. 337 
HawTHOoRNE, M. E. 97, 103, 236 
HEILBRUNY, L. V. 224 
Heitz, E. 305, 306, 330, 517, 530 
HELWEG-LArRSEN, H. F. 105, 114, 116 
Hemiptera, Chromatidenautonomie bei 
Banasa 193—215 
Hersucorpr, M. W. 232 
HeErtwIie, G. 88 
Hesperotettix 410 
Heterochromatin und Chromosomen- 
briiche 316, 466, 469—473, 530—533 
— und Chromosomenrestitution 472 
— und Pseudochiasmata 292—304 
— und gerichtete Reduktion 287 
Heterochromatinisierung 78, 316, 414, 415 
Heterocypris incongruens 359, 360, 366, 
369, 379—382, 408, 412—415, 426, 
429 
— — Chromosomenzahl 382 
— — Spermatocytenteilungen 379—382 
Heteroptera 75, 76 
Heuschrecken 428, 429, 434, 477 
Hisrsey, W. M. 571 
Hint, H. D. 572—574, 579, 580, 583, 
589—591, 595, 597, 600 
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Hivpert, G. 580, 599 

Himgs, M. 106 

Histone, Gehalt der Chromosomen 141 
bis 144 

Hitzeschock und Zellteilung 216—228 

Hosermay, H. D. 146 

Horrmanh, A. 578 

HoFFMANN-BERLING, H. 435 

HoFFMANN-OsTENHOF 255, 256 

Hotmgs, B. 55 

Houzer, K. 81, 82, 84, 85 

Hordeum 255, 578, 580 

Horn, E. C. 143, 149, 155 

Hovaas, R. W. 600 

Hovanitz, W. 484 

Howarp, A. 54, 119, 147, 148, 153, 156 

Howarp, H. W. 594, 595 

HrynNkKIEwIcz, A. 353 

Hsuexu, S. C. 595 

Hsu, T. C. 106, 111, 164, 277, 278 

Hsu, W. S. 537, 548, 552, 554, 555, 556 

Hvana, T. S. 595 

Huauss, A. 216, 235, 353 

Hueues, W. L. 606 

HuaGuHEs-SCHRADER, S. 30, 81, 198—215 
(ScoRaDER, and H.-S.: Chromatid 
autonomy in Banasa) 365, 409, 415, 
420, 422, 427, 432, 512 

Humbertiella 427 

HUNGERFORD, D. A. 278 

Husxins, C. L. 105, 116, 230—234, 236 

Hutu, W. 427 

Hyacinthus 40, 302, 473 

— Pseudochiasmata durch Réntgen- 
bestrahlung 42—44, 50—57 

Hypochlora 415 

Hypohaploidie 282, 283 

Hyppto, P. A. 93, 103, 348 


Icerya 30 

ILLERT, G. 265 

Impatiens balsamina, réntgeninduzierte 
Chromosomenbriiche in Eu- und He- 
terochromatin 306—317 

— capensis 306 

— glandulifera 306 

— oliveri 306 

— sultani, réntgeninduzierte Chromoso- 
menbriiche in Eu- und Heterochroma- 
tin 306—317 

Inampak, N. B. 432 
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Indolessigsdure, Einflu8 auf DNS-Syn- 
these 606—617 

Inhomologenpaarung bei haploidem 
Antirrhinum 1—37 

Inovuk, S. 332, 416 

In-Sich-Paarung bei haploidem Antir- 
rhinum 8, 24, 32 

Interferenz 502 

— bei Pseudochiasmata 41, 44, 48 

Inversionsbriicken bei haploidem Antir- 
rhinum 18—21, 33, 34 

Inversionspolymorphismus bei Droso- 
phila subobscura 559—570 

— bei Zaprionus bogoriensis 161, 162 

Ionen, Wirkung auf die Chromosomen- 
struktur 55 

Isopoda 420 

Isopyknose bei Univalenten 15, 24, 26 

Ivanow, M. A. 1 

TyenGar, N. K. 595 





Jackson, E. 348 

Jacoss, P. A. 69, 420 

Jacosson, W. 54, 55, 188, 266 

Jaera marina 420 

JaIN, H. K. 56, 185, 186, 188, 192 

Jiv, B. V. 278 

Joun, B. 61—68 (The chromosomes of 
zooparasites II. Oswaldocruzia filifor- 
mis), 69—80 (Lewis and J.: The 
organisation and evolution of the sex 
multiple in Blaps mucronata) 

Jonzss, K. 580, 582 

Jost, A. 114 


Kaltewirkung, Bildung von Pseudochias- 
mata 292—304 

—, reductional groupings 229—237 

Karon, R. R. 572 

- Kamrya, N. 348 

KANFURANN, B. P. 55 

Karptus, H. 278 

Karyotyp von Macaca mulatta 163—175 

— von Zaprionus bogoriensis 160 

—, Entwicklung bei Banasa 193—215 

—,— bei den Cypridae 407—416 

Katayama, Y. 30 

KATTERMANN, G. 24 

KauFrMann, B. P. 53—55, 140, 142, 143, 
305, 469, 471, 473, 474 

Kawacucui, E. 266 

Keck, D. D. 571 
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Keck, K. 255 
Kemp, T. 278 
KENDALL, M. G. 582 
Kerne, somatische, genetische Differen- 
zierung 115, 116 
Kernmembran, Auflésung vor der Npin- 
delbildung 320, 321 
—, — und mitotisches Kontraktions- 
stadium 340 
Kernstruktur in den Nahrzellen von 
Drosophila melanogaster 537—558 
Kernvolumen und Chromosomenvolumen 
81—90 
— und DNS-Gehalt 106—108, 113, 114 
— interphasisches 86, 87 
— in Meristem und Dauergewebe bei 
Haemanthus katharinae 81—90 
Kerr, W. E. 224 
Kersu, G. R. 55 
Key, H.-G. 441—483 (Strukturverande- 
rungen an den Speicheldriisenchromo- 
somen von Chironomus thummi nach 
Réntgenbestrahlung von Embryonen 
und Larven) 
Kuvostova, V. V. 305, 316, 471, 473 
Krwara, H. 30 
Krutman, B. 40, 49—51, 53, 249, 533 
Kinetin, Einflu8B auf DNS-Synthese 613 
bis 617 
Kinetochoren, AbstoBung 75, 76 
—, accessorische bei Zea mays 286, 289. 
290 
—, Bau 67 
—, Bewegung in der Spindel 320, 327 bis 
330 
—, Funktion 432 
-—,— nach Hitzeschocks 218, 221, 222, 
224, 225 
—, Funktionseinheiten 429 
—., Interferenz bei Pseudochiasmata 41, 
44, 48, 302 
—, Teilungszeitpunkt 23, 62, 66, 387 
—, Verklebung 365, 370 
Kina, E. D. 40, 478 
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Taytor, J. H. 531, 603 

TrIGER, D. G. 119, 144 

Telomeren, Aktivitat 8 

—, Einflu8 auf Lage der Pseudochias- 
mata 48 — 

Telophase, Ablauf nach Colchicinbehand- 
lung 355 

Temperatureffekte 185—192, 316—228, 
229—237, 292—304, 495, 496 

Tenebrionidae 69—80 

Tetrahymenia 88 

Tetraploidie, Chromosomenpaarung bei 
natiirlicher und colchicininduzierter 
tetraploider Dactylis 559—570 

Thalassema 426, 427 








633 


THEeRMAN, E. 111, 278, 505—513 (Ox- 
saLa and T.: Polarized stages in the 
meiosis of liliaceous plants), 533 

Thisiocetrus 415 

TuHopay, J. M. 525 

Tuomas, L. E. 141, 142, 153 

Tuomas, P. T. 225, 229 

Tuompson, J. B. 580, 589 

THORELL, B. 54, 143 

Thyanta 193, 210—212 

Thymidin (Tritium-markiertes), 
radiographie 606—617 

Trzson, D. 606 

Trmoney, S. 111, 278 

Tine, Y. C. 286—271 (The origin of 
abnormal chromosome 10 in maize) 

Tipula 360, 417, 419, 421, 422, 431, 432 

TISCHLER, G. 11, 216, 225, 505 

Ts10, J. H. 23, 39, 40, 111, 277, 292, 293, 
516, 517, 530, 533 

Tometorp, G. 13 

Tonomoura, A. 111 

Tradescantia 23, 40, 232, 472, 474, 477, 
478, 525 

—, Wirkung von Hitzeschocks auf Tei- 
lung der PMZ 216—228 

Trifolium 582 

Trillium 40, 224 

—, Pseudochiasmata 292—304 

Trimerotropis 420 

Triticinae 236, 595 

Triticum 30, 255, 596 

Triton 40, 419 

Triturus 24 

Troepsson, P. H. 415 

TrusILLo-Crenoz, O. T. 556 

TscHERMAK-Wokss, E. 81—90 (T.-W. 
und Doxr%au-Janiscu: Uber das 
Chromosomen- und Kernwachstum 
in der Wurzel von Haemanthus) 

Tsou, T. M. 93, 236, 348 

Tulipa 528 


Auto- 


Ulophysema 212, 387 

Umorientierung von Kinetochoren 431, 
432 

Univalente, Bewegung in der Spindel 
13—26, 61—66, 427—432 

—, Umorientierung 431 

—,durch Warmebehandlung bei Scilla 
186, 187 





634 


Urpcort, M. B. 76, 78, 292, 506, 511, 528, 
584 
Urechis 427 


VaaraMa, A. 236, 592 

VANDERLYN, L. 510 

VENDRELY, R. 52, 54, 147 

VENGE, O. 278 

Vicia 86, 154, 302 

— faba, Chiasmafrequenz, 
176—184 

— —, Chromosomenmutationen durch 
Anaerobiose 238—257, 514—536 

— —, Pseudochiasmata durct. Réntgen- 
bestrahlung 42, 44—57 

VILKOMERSON, H. 286 

VINCENT, W. S. 143 

Vupk, M. 105, 107 


Kontrolle 


Wachstumshormon und Polyploidie 111 
bis 114 

Wana, B. 332, 336, 425 

WanppinetTon, C. H. 143, 144, 151, 155 

Wakonie, T. 41, 50—52, 473, 478, 532 

Waker, B. E. 105—118 (Polyploidy and 
differentiation in the transitional epi- 
thelium of mouse urinary bladder), 
278 

Wa ker, P. M. B. 54 

Watters, M. S. 19, 24, 33, 52 

Wane, T. Y 141, 142, 153 

Warp, C. L. 143, 149, 155 

WarMKE, H. E. 51 

Waters, M. 8 

Watson, J. D. 52, 532 

Wess, M. 54, 55, 188, 266 

WEIBULL 571, 572 

WEISMANN, A. 444 

Weiss, K. W. 144 

Wess, P. 115 

Wuirs, M. J. D. 55, 61, 67, 69, 76—78, 
105, 116, 210, 217, 410, 411, 415, 416, 
420, 484, 485, 487, 489—491 

WaurtTina, A. R. 52 








Register 


Wiemann, H. 278 

Witson, E. B. 197, 198, 200, 216, 416, 
505, 509, 511 

Witson, G. B. 91—104 (HapprErR and 
W.: Cytological assay of c-mitotic and 
prophase poison actions), 230, 234, 236, 
298, 348 

Wison, K. 54, 55, 473 

Winnick, T. 606 

Wirkvus, E. R. 337 

Wotr, E. 423 

WoL, E. 249 

Wo.may, M. 145 

Woop, P. 8S. 606 

Wyman, R. 54, 55, 473 


X-Chromosomen, Entstehung aus Auto- 
somen 76—78, 412—414 
X-ray effects s. Réntgenbestrahlung 


Y-Chromosomen, Verlust 414, 415 
Yasuzuml, G. 142 

Yatss, H.-‘B. 54 

YERGANIAN, G. 111, 173 

Yuet, G. U. 582 


Zaprionus bogoriensis 160—162 

— mays, Chromosomenzahl 160 

— ghesquiérei, — tuberculatus, — vittiger, 
Chromosomenzahlen 161 

Zea 10, 40, 225, 599 

— mays, Abnormales Chromosom 10, 

Entstehung 287—289 

— —, B-Chromosomen 287, 288 

Zellpolaritaét 226 

Zellteilung (s. a. Meiose, Mitose) EinfluB 
von Hitzeschocks 216—228 

—, Einflu8&B des Nukleolus 56 

Zellvolumen und Polyploidie 106—108, 
113—116 

Zowary, D. 571, 572, 574, 579, 587, 589, 
594 

Zygotin bei haploidem Antirrhinum 
majus 3 




















